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The intravenous effects on mice of 142 pregnane derivatives and 26 other steroids were investigated; 67 of the

pregnanes had hypnotic activity.

Some of the steroids produced convulsions.
tionships were apparent; these partly supported the conclusions of earlier workers,

Certain structure-activity rela-
One compound, 3e-hydroxy-

oB-pregnane-11,20-dione 3-phosphate disodinm, tried in man as an intravenons anesthetic, produced an -

pleasant paresthesia.

Under various experimeutal conditions some steroids
are anesthetics,' = and one of them, hydroxydione, has
been used clinically.* This field was reviewed by
Witzel,? who summarized results on 124 steroids.
Later Overbeek® reported the effeets of othier steroids on
the central nervous system, and some of them were
anesthetic.

We present here the results of studies on mice of the
hypnotic and other effects on the central nervous sys-
tem of 168 steroids, 149 of which had not previously
been tested in this way. The term hypnotic is pre-
ferred to anesthetic, hecause some steroids induce light
sleep in mice without surgical anesthesta.

Methods

Gironps of 59-10 male fawn mice (GFF strain: body weights 16
to 22 g.) were injected intravenously with the steroids, usnally
presented at 19 concenttration, either dissolved in water or sns-
pended in physiological saline containing 0.4 Tween 80;
oceasionally, when the steroid had low toxicity or weak activity,
higher concentrations were nsed. The suspensions were prepared
by grinding the steroids with the vehicle in a glass tisvie homoge-
nizer. The componnds were administered in doses ranging from
ineffective to hypnotic or lethal levels. When hypnosis resulted,
the sleeping animals were placed in a cabinet maintained at 35°,
and the times between beginning the injection and loss of the
righting reflex (“induction time’’) and between loss and recovery
of the righting reflex (“sleep time”) were recorded. A group
nmean induction time of 0.1 min. indicates that all the mice were
asleep at the end of injection.

For some steroids the intravenoms LI, viulnes were deter-
mined on gronps of 5-15 mice; for others the amonnt available
permitted the determination of only approximate valnes.

Figdor and co-workers? determined for each of their hypunotic
steroids the ADy, /e, the dose cinsing half the mice to lose
their righting reflex. We preferred to deteriine the dose that
indnced sleep for 25 min. This diuration was chosen hecanse
with group mean sleep times below 15 min. some of the mice did
not sleep; with times over 35 min. the variance of the responses
tended to be high. The 25-min. sleep-time dose and the cor-
responding ndnetion time were determined grapbically for each
hypnotic steroid from rhe eprves relating logarithins of doses 1o
responses.  For hvpnoties toxice at dosex below the 25-min. <leep
dose the maximmm measnriable sleep time and the corresponding
dose and induciion time were nsnally recorded. (Steroids with
<nch low therapentic indices seemed »mlkely to be of practical
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¢nyia) 1. Witzel, Zo Vitumsne, Horans Fermentfoesch., 10, 16 (10503,
L1 11, Langecker and . Busch, unpubbsbed observations cited by Wiizel,

GY G NL Overleeek, Errerpta Med,, Inteen. Covgy, Ser., 81, 43 (10623,

vabie.;  To pomtoxie doses ceriain steroids prodneed ataxia with-
ot toss of the righting reflex; thix wax regarded as mild hypnosi.

The steroids were syuthesized by onr collengnes, whose work
1~ reparted in1he preceding paper.

Results and Discussion

The results for 142 pregnane compounds are given
in Table I, where the steroids are classified according
to the spatial arrangemnent of the hydrogen atom at
(-5 and the substituents on C-11 and C-3.

Ten of the 63 da-pregnane and 32 of the 76 53-preg-
nane compouuds produced hypnosis: one 38-pregnanc
and four Se-pregnane derivatives produced ataxia only.
The three 5-unsaturated pregnane derivatives were in-
active,

Convulsions were produced by 20 compounds, onc
of which also had hypnotic activity. Convulsant ac-
tivity was ustially shown by either a steroid alcohol or
its ester, but not by both.

Thirteen 5-cpimeric pairs of pregnane derivatives
were tested.  In four instances (3, 68; 22, 79; 23, 80;
aind 53, 131) ncither epimer was hypnotic: 3 was a
convulsant, but not 68. The acute toxicity of 53 was
greater than that of its 58-epimer. In five iustances
{24, 83; 25, 84; 30, 88: 31, 90; and 56, 137) both
ephiers were hvpnoties,  The hypuotic doses of the
da-sterotds were similar to those of the eorresponding
Sp-steroids, but the acute toxieities of two esters of the
same da-steroid (24 and 25) were greater than those of
the 58-epimer (83 and 84). In four instances (4, 69:
21, 78: 51, 130; and 54, 134) only the 38-cpimer was
ypuotic: 21 and 51 were convulsants, The water-
solttble compouids 4 and 54 had acute toxicities sintilar
to those of their S3-epimers. Thusg we encountercd no
Sa-steroid hypnotic with an inactive Sg-epinter.

3-Hydroxypregnanone Derivatives. - The 3-hydroxy-
JE-pregnan-20-one scries and their 11-oxo derivatives
form a group of eight steroids.  One of these, 64, was as
potent as any steroid we tested: its [1-oxo derivative
(88) was ouly half as potent. The high hypnotic
activity of 64 has been previously reported.”

Comparison of 64 and 88 with their esters reveals
some of the important effects of esterification: 66 and
67, the succinate and phosphate of 64, were somewhat
less potent than thie aleohol, whereas the corresponding
acetate 65 was substantially less potent.  Fifteen esters
of 88 were studied: one of these, the succinate, has

Ty 1Dy Cocker, o Elks, 000 Alay, 10 AL Niee, G 11 Phillepyes, wapdl W
I Wall, f. Ved. Chesn. 8, 117 (1063,
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been independently reported to be a hypnotic.® The
maleate 94, the sulfate 95, the phthalate 96, the mor-
pholinoacetate methiodide 100, and the diethylanino-
acetate ethiodide 99 had no hypnotic activity; indeed
99 caused convulsions. All of the other esters of 88 were
less active than their parent steroid, sonte markedly so.
Like the three esters of 64, the acetate 89, the suc-
cinate 90, the phosphate 91, the glutarate 92, and the
diglycolate 93 had longer induction timies than the cor-
responding steroid alcohol, but the hypnotic amiuo
esters 97, 98, and 101 had induction times approxi-
mately equal to or shorter than that of 88. Compound
101 had unusual properties. It was the least active
for which a 25-min. sleep dose could be determiied, yet,
unlike other weakly active steroids, it induced hypnosis
of a satisfactory quality, with smooth induction and
recovery.

Thus, we agree with the conclusions of I'igdor and co-
worlers?: the 3-esters of hypnotic steroids are in general
less potent than the free alcohols; the latter, especially
the 3a-ols, have short induction times; esterification,
other than with amino acids, lengthens induction.
They suggested that amino acid esters of steroids may
enter the brain unhydrolyzed, adducing as evidence the
high toxicity of such compounds; but 101 in our series
had a low toxicity. It may be relevant that glycinates
of antiinflammatory steroids have been recommended
for their specific effect on the central nervous system.8

The 3a-hydroxy steroid 30 and its succinate 31 had
approximately the samme hypnotic activity as each
other and as their 58-epimers 88 and 90. Neither 3a-
hydroxy-5a~pregnan-20-one (the 11-desoxy derivative
of 30) nor 38-hydroxy-58-pregnane-11,20-dione appear
to have been tested for hypnotic properties, and they
were unfortunately not available to us. However, we
found that 103 (the 3a-methyl derivative of 38-hy-
droxy-58-pregnane-11,20-dione) was inactive, whereas
its 3-epimer 102 was hypnotic, with a short induction
time. Though we have not usually recorded acute
toxicity results for water-nsoluble steroids, it was noted
that 102 was much more toxic than 103. The results
with these compounds contrast with those of Langecker
and Busch? for 17 a-ethynvl-3a-methyl-3a-androstane-
38,178-diol: this was a hypnotic, yet its less toxic 3-
epimer was a convulsant.

The 38-hydroxy steroid 3 caused convulsions, and its
succinate 4 was inactive; other derivatives of 3 (5-12)
also had no hypnotic activity, and several of them were
convulsants,

The 58-epimer of 3 (68) had no hypnotic activity in
sublethal doses; yet 69, its succinate, was a fairly po-
tent hypnotic. Similarly, although 32 was inactive,
its suceinate 33 was a weak hypnotic and, exception-
ally, its phosphate 34 was even niore active. Com-
pound 68 has been reported by other workers as having
hypnotic properties.? We did not control the particle
size of our suspensions. Though this inay explain the
unusual apparent production of hypnotic activity by
esterification, it could not explain two other disagree-
ments between our results and those of Laubach’s
group.? First, we found the soluble succinate 69 much
niore hypnotic than they did; second, they reported 4
as hypnotic, though we have found it inactive. Not-
withstanding the doubt as to the properties of 4, 32,

(8) J. Tamm and K.-D. Voigt, Acta Endocrinol., Suppl., 54. 1 (1960).
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and 68, it 1s apparent that the most potent and rapidly
acting compounds of this group are those with an un-
esterified 3a-hydroxyl, whatever the configuration at
C-5.

In some of this group of pregnanoclone derivatives,
the effects of 16-niethylation have been studied; the
results do not support Witzel’s general conclusion that
alkyl substituents dimimsh hypnotic activity.?

The 16a-methyl derivative 72 was about half as po-
tent as its parent steroid 64. The induction time for
72 (4.1 min.) was one of the longest we recorded for
steroids with a free 3-hydroxyl group; nevertheless its
slightly more potent succinate 73 had a still longer in-
duction time. 16a-Methylation had different effects
on the 11-oxo steroid 88. The steroid alcohol and suc-
cinate 104 and 105 were more potent than 88 and 90,
although the phosphate 106 had the samme hypnotic ac-
tivity as 91. 168-Methylation of 88 (107) markedly
mereased its potency to that of the most poteut steroid
64. Likewise the succinate 108 was more potent than
90, but not as potent as the succinate of 64. 16,16-
Dimethyl substitution on 88 and its suceinate 90, yield-
ing 110 and 111, respectively, had little effect on po-
tency; 40, the 168-methyl derivative of 32, was, like
the latter, not a hypnotie, but the succinate 41 pro-
duced ataxia, as did the 16a-methyl succinate ester 39.
The 17-epimer (42) of 41 produced convulsions.

Other substituents on the steroid nucleus found to
result in loss of hypnotic activity were 12q-acetoxyl
(compare 70 with 64; 71 with 65), 17a-hydroxyl or
-acetoxyl (compare 45 and 46 with 33; 113 with 88),
17 a-hydroperoxyl (compare 74 with 64, 112 with 88),
16a-hydroxyl (contpare succinate esters 37 and 33),
and 16,17 a-epoxide (compare 38 with 33).

The 20-ethylene ketal of 90 (129) was almost as po-
tent a hypnotic as its pareut, but it had an inereased
induction tinie aud was about twice as toxie.

A 9(11)-ethyleunic bond, present in 14 and 15, ap-
peared to introduce weak hypnotic activity into 3, but
in 77, whose saturated parent 66 was highly active, the
presence of hypnotic activity was doubtful: with such
toxie compounds it is difficult to differentiate loss of the
righting reflex and the prostration that precedes death.
16,17-Unsaturation (35) abolished the hypnotic ac-
tivity of 33 and reduced activity in the 16-methyl
steroid 109 (compare with 107).

21-Benzylidene substitution (125) in 90 substautially
increased the toxicity. Halogenation at C-21 (com-
pare 126 with 88; 127 and 128 with 89) either de-
creased or abolished hypnotic activity. The 21-hy-
droxyl derivatives of the preghanolones are discussed
below,

Pregnanedione Derivatives.—58-Pregnane-3,20-di-
one (78) was a potent hypnotic, but it had a long in-
duction time; its 1l-oxo and 11(12)-unsaturated
derivatives 130 and 87 were less potent. 6a-Methyla-
tion (79) abolished the hypnotic activity of 78. 5a-
Pregnane-3,20-dione (21) and its 11-oxo derivative 51
caused convulsions. The former has been previously
reported to be hypnotie, with much less activity than
its 58-epinier.*  Compound 22, the 6a-methyl deriva-
tive of 21, and 52, the 1(2)-unsatwated derivative of
51, were inactive.

21-Hydroxypregnanedione Derivatives.—21-Hy-
droxy-58-pregnane-3,20-dione (81) had, within the
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CeNTRAL Lirrrers or INTRAVENOUsLY ADMINISTERED PricNaNy CoMprounps oN Mice

Rteroid
Ja-Preguanes
11-Unsubstituted, 3-unsubstituted
He-Pregnan-20-one
11-Unsubstituted, 3-hydroxy
Sa-Pregnan-38-ol 3-hemisuccinate sodium
38-Hydroxy-He-pregnan-20-one
38-Hydroxy-5e-pregnan-20-one 3-hemisuccinate sodium (334 )¢
38-Hydroxy-a-pregn-16-en-20-one 3-hemisuccinate sodium
38-Hydroxy-sa-pregnane-12,20-dione 3-hemisuccinate sodinm
s8-Hydroxy-5a-pregn-16-ene-12,20-dione 3-hemisuccinate sodimmn
38-Hydroxy-16a-methoxy-se-pregnane-12,20-dione
38,16a-Dihydroxy-5a-pregnan-20-one
58,16 -Dihydroxy-3a-pregnan-20-one 3,16-bis(hemisuccinate sodium ¢
38-Hydroxy-16a-methyl-da-pregnan-20-one 3-hemisuceinate sodium
17a-Hydroperoxy-38-hydroxy-3a-preguan-20-one
38,21-Dihydroxy-sa-pregnan-20-one 3-heniisuccinate sodium 21l-acerate (70)
38-Hydroxy-5a-pregn-9(11)-en-20-one
3g-Hydroxy-sa-pregn-9(11 j-en-20-one 3-hemizuccinate sodinm
38,5-Dihydroxy-sa-pregna-7,9(11)-diene-2t@-carboxylic acid sodium 3-ncerate
17a-Hydroperoxy-38-hydroxy-168-methyl-5a-pregn-O( 11 }-en-20-one
16,17 a-Epoxy-38-hydroxy-168-methyl- 5a-pregn-9(11)-en-20-one
38,17 a-Dihy droxy-5a-pregn-9(11)-en-20-one 3-hemixuceinale sodinm
38,17 «,21-Trihydroxy-Ha-pregn-9( 11)-en-20-one 3-hemisuceinate sodimmn
21-acetate
11-Unsubstitnted, 3-oxo
Se-Pregnane-3.20-dione (43)
6a-Methyl-3a-pregnane-3,20-dione
17a,21-Dihydroxy-da-pregnane-3,20-dione 21-hemisnccinate sodinm
21-Hydroxy-Sa-pregnane-3,20-dione 21-hemisuccinate scdium (84)
21-Hydroxy-da-preguane-3,20-dione 21-phosphate disodium
11-Oxo, 3-unsubstituted
da-Pregnane-11,20-dione
Ja-Pregn-2-ene-11,20-dione
21-Hydroxy-da-pregnane-11,20-dione
21-Hydroxy-a-pregniane-11,20-dione 21-hemisuceinate sodinm
11-0Oxo0, 3-hydroxy
3a-Hydroxy-se-pregnane-11,20-dione
Je-Hydroxy-5e-pregnane-11,20-dione 3-hemisucceinate sodium
38-Hydroxy-ie-pregnane-11,20-dione
3g-Hydroxy-5a-pregnane-11,20-dione 3-hemisuccinate <odinmn
38-Hydroxy-5a-pregnane-11,20-dione 3-phosphate disodium
38-Hydroxyv-3e-pregn-16-ene-11,20-dione 3-hemisuccinate sodinm
18, 16a- Dihydroxy-ia-pregnane-11,20-dione
38,16-Dihvdroxy-de-pregnane-11,20-dione 3,16-bis(hemisnccivate scdinm
16,17 a-Epoxy-38-hydroxyv-je-pregnane-11,20-dione 3-hemisuceinate sodinmn
Jg-Hydroxy-16a-methyl-5a-pregnane-11,20-dione 3-hemisuceinate sodinm
38-Hydroxy-16g-mmethyl-5e-pregnane-11,20-dione
38-Hydroxy-168-methyl-5a-pregnane-11,20-dione 3-hemisnccinate sodinm
38-Hydroxy-168-methyvl-3a,17 e-pregnane-11,20-dione 3-hemisuceinate sodium
38-Hydroxy-16-methyl-H a-pregn-16-ene-11,20-dione 3-hemisirceinate sodium
17 a-Hydroperoxy-38-hydroxy-3e-pregnane-11,20-dione
38,17 a-Dihydroxy-5e-pregnane-11,20-dione 3-hemisuccinate sodium
48,17 e-Dihydroxy-se-pregnane-11,20-dione 3-hemisnceinate sodinm 17-acetate
38-Hydroxy-17 a-(2-tetrahydropyranyloxy)-5a-pregnane-11,20-dione
ag21-Dihydroxy-fe-pregnane-11,20-dione 3-hemisuccinate sodium 21-ucctatc
(free-ol, 105)
38,17 ¢, 21-Trihydroxy-de-pregnane-11,20-dione 3-hemiznccinate sodium
21-ncetate

38,17 a,21-Trihydroxy-Se-pregnane-11,20-dione 3,21-hixi hemisueeinate sodinm»

11-0x0, 3-0x0
Ja-Pregiane-3,11,20-trione
Sa-Pregn-1-cne-3,11,20-t1ione
17a,21-Dihyvdroxy-je-pregnane-1,11,20-trione 2 l-bemisnecinvat ¢ zodimmn
21-Hydruxy-Ha-pregnane-3,11,20-trione 21-hemiznecinat e sodium
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TasLE I (Continued)

Steroid

Other 11-substituents

11a-Hydroxy-5a-pregnane-3,20-dione
11a-Hydroxy-5a-pregnane-3,20-dione 11-acetate
383,118-Dihydroxy-5a-pregnan-20-one 3-hemisuccinate sodium
383,118,17x-Trihydroxv-5a-pregnan-20-one 3-hemisuccinate sodium
5a-Pregnane-38, 118, 208-triol 3-hemisuccinate sodium
118-Hydroxy-5a-pregnane-3,20-dione
9«,11e-Epoxy-38-hydroxy-5a-pregnan-20-one
9a,11a-Epoxy-38-hydroxy-se-pregnan-20-one 3-hemisuccinate sodium
98,118-Epoxy-38-hydroxy-5e-pregnan-20-one

58-Pregnanes

11-Unsubstituted, 3-hydroxy

3a-Hydroxy-58-pregnan-20-one (37)
3a-Hydroxyv-58-pregnan-20-one 3-acetate
3a-Hydroxy-58-pregnan-20-one 3-hemisuccinate sodium (38)
3a-Hydroxv-58-pregnan-20-one 3-phosphate disodium
3B8-Hydroxy-58-pregnan-20-one (35)
38-Hydroxy-58-pregnan-20-one 3-hemisuccinate sodium (36)
3a,12a-Dihydroxy-58-pregnan-20-one 12-acetate
3a,12a-Dihydroxy-58-pregnan-20-one 3,12-diacetate
3a-Hydroxy-16-methyl-58-pregnan-20-one
3a-Hydroxy-16a-methyl-58-pregnan-20-one 3-hemisuccinate sodium
17a-Hydroperoxy-3a-hydroxy-58-pregnan-20-one
3a,21-Dihydroxy-58-pregnan-20-one (79)
3a,21-Dihydroxy-58-pregnan-20-one 21-acetate
3a-Hydroxy-58-pregn-9(11)-en-20-one 3-hemisuccinate sodium

11-Unsubstituted, 3-oxo

HB-Pregnane-3,20-dione (44)

Ba-Methyl-58-pregnane-3,20-dione

17 &,21-Dihydroxy-58-pregnane-3,20-dione 21-hemisuccinate sodium (108)
21-Hydroxy-58-pregnane-3,20-dione (85)

21-Hydroxy-58-pregnane-3,20-dione 21-acetate
21-Hydroxy-58-pregnane-3,20-dione 21-hemisuccinate sodium (hydroxydione, 86)
21-Hydroxy-58-pregnane-3,20-dione 21-phosphate disodium
21-Hydroxy-58-pregnane-3,20-dione P!, P2-bis(21-pyrophosphate) disodium
21-Hydroxy-58-pregnane-3,20-dione 21-benzylphosphate sodium
58-Pregn-11-ene-3,20-dione

11-Oxo, 3-hydroxy

3a-Hydroxy-58-pregnane-11,20-dione
3a-Hydroxy-58-pregnane-11,20-dione 3-acetate
3a-Hydroxy-a8-pregnane-11,20-dione 3-hemisuccinate sodiuin
3a-Hydroxy-58-pregnane-11,20-dione 3-phosphate disodinm
3a-Hydroxy-58-pregnane-11.20-dione 3-hemiglutarate sodium
3a-Hydroxy-58-pregnane-11,20-dione 3-hemidiglycolate sodium
3a-Hydroxy-58-pregnane-11,20-dione 3-hemimaleate sodium
3a-Hydroxy-58-pregnane-11,20-dione 3-sulfate sodium
3a-Hydroxy-58-pregnane-11,20-dione 3-hemiphthalate sodium
3a-Hydroxy-58-pregnane-11,20-dione 3-aminoacetate hydrochloride
3a-Hyvdroxy-58-pregnane-11,20-dione 3-diethylaminoacetate hydrochloride
3a-Hydroxy-58-pregnane-11,20-dione 3-diethylaminoacetate ethiodide
3a-Hydroxy-58-pregnane-11,20-dione 3-morpholinoacetate methiodide
3a-Hvdroxy-58-pregnane-11,20-dione 3-hemi-N-acetyl-L-glutamate sodium
3a-Hydroxy-38-methyl-58-pregnane-11,20-dione
3p-Hydroxy-3ae-methyvl-58-pregnane-11,20-dione
3a-Hydroxy-16a-methyl-38-pregnane-11,20-dione
3a-Hydroxy-16a-methyl-53-pregnane-11,20-dione 3-hemisuccinate sodium
3a-Hydroxy-16e-methyl-58-pregnane-11,20-dione 3-phosphate disodium
3a-Hydroxy-168-methyl-58-pregnane-11,20-dione
3a-Hydroxy-168-methyl-58-pregnane-11,20-dione 3-hemisuccinate sodium
3a-Hydroxy-16-methyl-58-pregn-16-ene-11,20-dione
3a-Hydroxv-16.16-dimethyl-538-pregnane-11,20-dione
3a-Hydroxy-16,16-dimethyl-58-pregnane-11,20-dione 3-henisuccinate sodium
17 a-Hydroperoxy-3a-hydroxy-58-pregnane-11,20-dione
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Vaprw 1 ontinued
Inebwinen
Mean time
25-min, Qoo as
sleep 25w,
ose, sleeq L
No. Niecoul Velivily™  omg ke Jdose me ke
1130 Sa, 17 a-Dihydroxy-sg-preguane-11,20-dione 0
1144 3a,21-Dihydroxy-58-pregnane-11,20-dione 8]
115 3a,21-Dihydroxy-58-pregnane-11,20-dione 3-acetate H 250 5.0
116% 3a,21-Dihydroxy-58-pregnane-11,20-dione 21-acetate H a7 0.1
117 3e,21-Dihydroxy-58-pregnane-11,20-dione 21-hemisucecinate sodiuin H 185 5.9 Ce. 600
115 3ea,21-Dihydroxy-58-pregnane-11,20-dione 21-phosphate disodium H 200 6.5 >900
119 3a,21-Dihydroxy-58-pregnane-11,20-dione 21-i-butylacetate H 7S 0.5
120 3a,21-Dihydroxy-58-pregnane-11,2t-dione 21-methanesulfonate A
121 3a,21-Dihydroxy-58-pregnane-11,20-dione 3,21-diacetate ) >125 <70
122 3a,21-Dihydroxy-58-pregnane-1 1,20-dione 3-acetate 2 1-inethanesulfonate 0
124 Ha,21-Dihvdroxy-58-pregnane-11,20-dione 3-hemisuccinate sodium 21-acetate H 152 T4 H00
124 3a-Hydroxy-21-mercapto-58-pregnane-11,20-dione 21-acetate H Kh) N5
125 21-Benzylidene-3e-hydroxy-58-pregnane-11,20-dione 3-hemisuceinate <odinm H <o >4.0 120
126 21-Fluoro-3a-hydroxy-58-pregnane-11,2t-dione (H) >1oa ]
127 21-Chloro-3e-hydroxy-38-pregnine-11,20-dione 3-ncetate 1
128 3e-Hydroxy-21-iodo-58-pregnane-11,20-dione 3-acetate 1
120 Sa-Hydroxy-58-pregnane-11,20-dione 20-ethylene ketal 3-hemisuccinate sodimn H D 7. 150
11-0Ox0, 3-0x0
130 38-Pregnane-3,11,20-trione H s 3.0
131 17a, 21-Dihydroxy-3g-preguane-3,11,20-trione 21-hemisnccinate sodimm 1 >80
132 21-Hydroxy-58-pregnane-3,11,20-trione 1
133> 21-Hydroxy-38-pregnane-3,11,20-trione 2l-acetite §
134 21-Hydroxy-58-pregnane-3,11.20-trione 21-hemisnccinate sodini H 150 00
Other 11-substitnenis
135" Sa, He-Dihvdroxy-38-pregnan-20-one tH >5H0 <0.7
136% Sa, 1T ea-Dihydroxy-3g-pregunn-20-one | l-acetate tH1 > 100 0.1
137e 1 la-Hydroxy-38-pregnane-3,20-dione 1 l-ucetaie H 140 4.0
138 3e, 118-Dihydroxy-38-pregnan-2t-one 3-hemisnceinate sodimn H 250 3.5 BTH
150 Ha 1 2a-Epoxy-is-pregnane-3,20-dione a
A-Unsaturated Pregnanes
140 33, I7e-Dihydroxy-19-norpregna-3,7,9O-trien-21-one J-hemisuccinate sodinm 0 (", 380
141 38-Hydroxypregn-s-en-20-one (451 0
142 38, 21-Dihydroxypregu-5-en-20-one 3-hemisuccinate sodium 2l-acetate 194 ] 10

v () = inretive, H = hypnotie, (H) = hyvpnotic at toxic levels svich indeterminate 25-min. steep dose, H? = hypuaotic activity doubt-

ful, A = ataxia only, C = convulsant.
preceding paper.’

limits of expertmental error, the same hiypnotic activity
as the most potent of our series, 64.3 Its induction
tinte was lengthy: such steroids as this and the 3-oxo
steroids above demonstrate that, though an unesteri-
fied 3-hydroxyl usually confers rapid induction, this
property is not shared by the 21-hydroxyl or 3-oxo
groups.

At least sonte of the hypnotic activity of 3-oxo
steroids may result froni their metabolic trausformation
to active 3-hydroxy steroids.? Langecker? showed that
hydroxvdione is metabolized in lruman subjects to 3a-
hydroxy steroids; 38-hydroxy steroids were not found.

Compound 82, thie 2l-acetate of 81, was only one
third as active as the parent alcohol, whereas the suc-
cinate (hydroxvdione 83) was almost equally active.
We found 84, the phosphate of 81, to be almost as ac-
tive and about half as toxic as hydroxydione; Irmni-
scher' clainied that the phosphate is more active than
the succinate.

The bis steroid pyrophosphate 85 was almost inactive
and markedly toxie; the benzyl phosphate 86 caused
convulsions.  The properties of other esters ol 81 have
beenreported.®

W 11, Langecker. Actr Endovriiol., 30, 364 71954).

(103 K. Imnscher, Chews. Ind. (London), 1035 (19611,

» The preparation of these commponnds is described in the liternpire.
¢ Numbers in brackets are those assigned to the steroids in Table TIT of ref. 5,

For the others, see the

The Se-cpitmers of hydroxydione and of its pliosphatc
analog 84 (24 and 25, respectively) were also hypunoties,
of similar potency but greater toxicity. We did not
test the free alcohol, 21-hydroxy-ja-pregnane-3.20-
dione, but it has been reported as less potent than the
d3-epiner.”

The 11-ox0 derivative of 81 (132) was inactive; so
was 133, the acetate of 132, The succinate 134 was
hypnotic, thougl it was much less potent than hydroxy-
dione: 54, the Sa-epimer of 134, was inactive.

Compound 29, the 3-unsubstituted dertvative of 54,
had a weak but distinet hypnotic action.  This was
surprising, for it refuted Witzel’s proposition that hyp-
notic activity depends on the presence of hydroxyl or
ketone groups on both cuds of the steroid nucleus.®
Stmilarly 26, which produced ataxia, was an exception.

The 17 a-hydroxy derivatives of 21-hydroxypregnane-
dione and -trione succinates were mactive: compare 80
with 83, 23 with 24, 131 with 134, and 53 with 54.
Langecker and Buseh found that 80 injected intraperi-
toneally was a weak hiypnotic, at a dose that we found
too high for intravenous administration.?

3,21-Dihydroxypregnanone Derivatives.- -Isomerisim
at (-3 and C-5 allows four possible structures for
3.21-dihydroxypregnan-20-one.  We  have  examined
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No. Compound

Androstane Compounds
143 Sa-Androstan-38-ol 3-hemisuccinate sodium
144 3p-Hydroxy-5a-androstan-11-one 3-hemisuccinate sodium
145 38-Hydroxy-5a-androstane-11,17-dione 3-hemisuccinate sodium
146« 38-Hydroxyandrost-5-en-17-one 3-hemisuccinate sodium

D-Homoandrostane Compounds

147 3p-Hydroxy-D-homo-5«-androstane-11,17a-dione?
148 38,17a-Dihydroxy-178-methyl-D-homo-5a-androstane-11,17a-dione
149 38,17 «-Dihydroxy-168,178-dimethyl-D-homo-5a-androst-9(11 )-en-17a-one
150 38,17 a-Dihydroxy-16«,178-dimethyl-168-fluoro-D-homo-5a-androstane-11,17a-dione 3-acetate
151¢ 3a,17a-Dihydroxy-178-methyl-D-homo-58-androstane-11,17a-dione?
152¢ 3a,17aa-Dihydroxy-17ag-methyl-D-homo-58-androstane-11,17-dione
1532 3a,17ap-Dihydroxy-17ae-methyl-D-homo-58-androstane-11,17-dione
154 3a,17a8-Dihydroxy-17aa-methyl-D-homo-58-androstane-11,17-dione 3-hemisuccinate sodium®

Ftianic Acid Compounds
155 Sodium 3-oxo-5a-etianate
156« Sodium 38,17«-dihydroxy-11-0x0-5a-etianate
157¢ Sodium 3-oxo-58-etianate
158¢ Sodium 3«,12«-dihydroxy-58-etianate
159« Sodium 3-oxoeti-4-enate
1602 Sodium 17@-hydroxy-3-oxoeti-4-enate

Miscellaneous Compounds
161 Estra-5,7,9-triene-38,178-diol 3,17-bis(hemisuccinate sodium)
162 17a-Methylestra-3,7,9-triene-38,173-diol 3-hemisuccinate sodium
163 38-Hydroxyestra-5,7,9-trien-17-one 3-hemisuccinate sodiuin
164 16a-Acetyl-38-hydroxy-168-methyl-5a-androst-9(11)-en-17-one 3-acetate
165 168-Acetyl-38-hydroxy-16«-methyl-5a-androst-9(11)-en-17-one®
166 168-Acetyl-38-hydroxy-16a-methvl-5a-androstane-11,17-dione 3-acetate
167 Sodium 16g-acetyl-38-hydroxy-16&-methyl-16,17-seco-da-androst-9(11 )-en-17-oate?
168 Methyl 16¢-acetyl-38-hydroxy-16¢-methyl-16,17-seco-5a-androst-9(11)-en-17-oate

¢ The preparation of these compounds is described in the literature; for the others, see the preceding paper.

sonte of these and soute of their 11-oxo derivatives, as
both free aleohols and esters.

3a,21-Dihydroxy-58-pregnan-20-one (75) was al-
ntost as hypnotic as the corresponding 3-oxo and 21-
deoxy compounds 81 and 64; its induction time was
between those of 81 and 64. The 21-acetate 76 was
only half as potent as the parent steroid, but its induec-
tion time was also halved. The 3-epimer of 75, and
some of its esters, have been reported as less hypnotic
than 75.3

Conipound 114 (the 11-oxo derivative of 75) was in-
active, like its 3-oxo counterpart 132. The 3-acetate
of 114 (115) was weakly active, with a long induction
tinte. The 21-acetate 116 had a short induetion time
and was mueh more potent, not as potent as its 11-deoxy
derivative 76, but inore so than its 3-oxo analog 133.
The 3,21-diacetate of 114 (121) was too toxic for ade-
quate testing; however, it was clearly hypnotic and had
a long induction time, as did the corresponding 3-suc-
cinate 21-acetate 123.

The 21-succinate 117 and the 21-phosphate 118 of
114 were weaklv hypuotic and, despite their unesteri-
fied 3a-hydroxyl groups, their induction times were
long. However, the more potent water-insoluble 21-
ester 119 had, like the 2l-acetate, a short induction
time, indicating that it must have dissolved rapidly
in the bloodstream. It is possible that 114 is too polar
to pass readily into the brain, and that its 21-succinate
and -phosphate have little hypnotic activity because
they too are polar or because they are readily hy-
drolyzed in the bloodstream; the less polar, less readily
hydrolyzed 21-esters niayv pass as such into the brain,

b Convulsant.

there to act by virtue of their unesterified 3a-hydroxyl
groups.

The 21-inethanesulfonate of 114 (120) produced only
ataxia, and the 3-acetate 21-methanesulfonate 122 was
inactive. Thus not all the water-insoluble 21-esters
of 114 were hypuotics.

The introduction of a sulfur atom into 116 (124) con-
siderably increased its potency and gave it peculiar
properties. Mice dosed with 124 appeared to experi-
ence an intense skin hritation after recovering the
righting reflex: they seratched themselves vigorously,
and some circled madly inside their cages. Some had
inadequate control of their hind limbs for the first 10
min. after awakening.

38,21-Dihydroxy-5a-pregnan-20-one has apparently
not been tested though its 21-succinate and 3-acetate
21-succinate have been reported; we too studied the
3-succinate 2l-acetate (13), which was toxic but dis-
tinetly hypuotic.?

38,21-Dihydroxy-5a-preguane-11,20-dione has been
reported!? to be weakly hypnotic; under our condi-
tions its 3-succinate 21-acetate 48 and two esters of its
17 a-hydroxyl analog (49 and 50) were 1active.

11-Substitution.—Twenty-six pairs of compounds in
our series illustrate the effects of 1l-oxo substitution,
which will now be summarized.

In three instances (1, 26; 3, 32; and 10, 37) the 11-
unsubstituted steroid only and in two instances (12, 44
and 21, 51) both the 11-unsubstituted and the 11-oxo
steroid were convulsant; no 1l-oxo steroid caused cou-
vulsions unless its 11-deoxy derivative also did. In
only three of the pairs (1, 26; 4, 33; and 11, 39) had the
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11-ox0 steroid a greater hypuotic activity than the 11-
unsubstituted steroid.  Some of these compounds have
just been described as exceptional in other respects, 26
laving no substituent on C-3, 4 being previously re-
ported as a bypnotic,® and 33 being an ester whose free
aleohol is inactive.

In two of the pairs (72, 164 and 73, 105) which were
16-methyl sterotds, the livpnotic activities were equal
and in twelve (13, 48; 24, 54; 64, 88; 65, 89; 66, 90;
67.91; 75,114: 76,116; 78,130; 81,132; 82,133; and
83, 134) the 11-unsubstituted sterold was the more ac-
tive: indeed, five of the Il-oxo steroids (48, 54, 114,
132, and 133) were mactive.  Induction times {ended
(o be shorter with the 11-ox0 steroids.

In all but one (23, 53) of the twelve pairs for whicl
LD, values were vecorded, the toxicity of the 11-oxo
steroid was lower, oftent mueh lower, than that of the
correspornding 11-unsubstituted compound.  The thera-
peutie indices (LD, 25-min. sleep dose) of 11-oxo
steroids tended to be liigher, as they were for three of
the four directly comparable pairs.

11-Hydroxyl or -acetoxyl and 8,11- or 11,12-cpoxide
substitution diminished or abolished any hypnotic ac-
tivity: of the parent steroids. Water-soluble 11-hy-
droxy steroids were less toxie than their 11-deoxy
counterparts.

Further Studies.—3a-Hydroxy-33-pregnane-11,20-
dione 3-phosphate disodium (91) was considered
promising as an itravenous ancsthetic. Tt formed
stable aqueous solutions, had a high therapeutic index,
and did not produce thrombophlebitis in experimental
animals as hvdroxydione did.

Two Cynomolgus monkeys myjected intravenously
with 1495 and 165 mg. of 91,/kg. of body weight slept for
about 130 min. (nduction time 4 1o 5 min.).  After a
dose of 385 mg./ke. another monkey slept for 5 .

Vol. 8

recovery was raptd. A fourtlh monkey received a dose
of 540 mg. ‘keg.: 1t slept for mere than 8 hir., and the
next day 1t had fully recovered. Two eats injected
mtraperitoneally with 150 mg. kg, bevame surgically
anesthetized m 20 or 30 min.: after a further 60 iy,
the sleeping cats were given intravenous doses repeatedly
over a pertod of 105 min. The cats survived total doses
of 800 or 900 mg. ke,

Thix stevord was tried elinteally by Dre. AL 1L Galley,
who has kindly allowed us to describe his results,
[ntravenons doses of 1.0 to 1.5 g. produced sleep in
adult patient=.  In all of them, shortly after a first in-
jeetion of ax little as 50 mg., an extremely unpleasant
paresthiesta  developed.  “Prickling”  or “pins and
needles” began m the ead and extended to the trunk
and legs: 10 was worst ta the battocks.  The pares-
thesia ceased spontancously after a fow minutes and did
not recur with subscquent doses.  This symptom. also
found by Robertson.? was considered sufficiently =<ertous
to preclude further nse of the steroid.  Its cause 1s -
kiown, but it may be velated to the ability of the steroid
to release crvthiroeyte potassiunt into the plasma,? or
to the pyrogenteity of its parent steroid (though 81 i<
also pyrogente and  hvdroxvdione, iis succeinate, is
not).n’*

Other Steroids. -1'lic 26 other steroids we tested are
listed in Table T1. Some produced convulsions, but
none had hypnotie activity.  Selve found that one of
thent, 38-hydroxyandrost-3-en-17-one 3-hemisuceinate
sodium  (dehydroceplandrosterone suceinate) was liyp-
notic iy the partially hepatectomized rat.!

17 RN Nikeasen, LG AaeGreegor, MooAL Pratg and I G Taaceds,
Binehem. Phaeperend . 12,061 {1063
V. Rappas. W. Saybell Do KL Fakashiog, and T, 1, Gallaghker
Trans, Assor, Ao hosyctaps. T2, 54 (1950 (LY N, Nappas, W, Soyhel,
1% Glickan, ared D WL Onknsliima. 1. WAL ek, Trternal Med., 106, 701
19605,

Synthesis of cis- and trans-2-Phenoxycyclopropylamines and Related Compounds
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In contiming the stwdy «f MAQ inhibitors in these laboraturies, (he two 2-phepoxyeyelopropylunmves swere

swvinthesized and fonnd to be potent componnds.
1o explore their bicdogical potentials.

From (he varions intermediates, derivatives were prepared
Also, several substitnted arvloxyevelopropylamines were synthesized vy

deterniine (he relationship between chemical constitntion and phannacological activity.

1 1959, Tedeschi and co-workers! announced the dis-
covery of a poteunt nonthydrazine monoaimine oxidase -
hibitor, SIKI (trans) 385. This compound, 2-phenyvl-
cyclopropylamine hyvdrochiloride,® had been synthe-
sized some years carlier by Burger and Yost® in con-
nection with a study of c¢yclized sympathomimetic
aunnes, A preliminary report® indicated that the com-
pound 1s more rapid in its action, of shorter duratiomn,

1) R. I, Tedeschi. D. 11, Tedeschi, L. Cook, P. A. Mattis, and . J.
IFellows, presenterl at the 43rd Iederation Meeting, April 13-17, 1939,
AMlantic Cayv, NUJT.

(2) {(a) Parnale«, tranyleypromine, =mdh Kline and Frenel, Lalwra-
tocies, Ines; (WY AL Doarger and W, L. Yost, J. 1w, Chewn. Soe., 70, 2108
(1048).

(3) Y. Lewere, b, J. Feyehsnt, 117, 249 (1850).

effective at smaller doses, and relatively free of the side
effects exhibited by the hydrazine monoamine oxidasc
inhibitors used for the treatment of depression. How-
ever, since its clinical evaluation is complicated by its
strong amphetamime-like action,® we decided to syn-
thesize somne related contpounds which might retain the
desired pharmacological activity of the new drug with-
out this side effect. Tor this purpose, we synthesized
cis- and trans-2-phenoxycyelopropylaniine and sone of
its dertvatives,® as well as several substituted aryloxy-
eyvelopropylamines.  In the interin, this compotnd wis
A1) VL Kincoss-Wrighy, Jlan, N YL Jlead, Sei, 80, 810 (10305,

hy 1, Finkelstein, Fo AL Sinitl, pnsd 1. Lee, Delgian Patent 613,910 (el
21,1901},



