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A seriex of 1T-uminonceyvlamido-d-audrosten-5g-ols wis made rar active exier condensations.
groups used were L-leuevl, L-tyrosyl, L-servl, p-seryvl, glyeyl, nod glyeylglyeyl
The aminoamides show autidepressant aetivity in ntice, bt neither

both 17« and 178 isomers are desrribed.

The aminoneyl
In the ca=e of the 1-seryl group,

the blocked intermediates nor the reluted 178-glycolumido-s-androsten-3g-ol ave nctive.

Various amides derived from steroid amines and
amino aclds have been made and tested for possible
endocrine  and  pharmacological activity.,  The  dis-
covery of interesting ncuropharmacologieal activity in
some of these prompts us to deseribe their preparation
and properties,

Blocked intermediates were made by coupling of the
steroid amine with au active ester of the suitably
blocked amino aeid. The active ester method! was
sclected as the most econvement after several trials in
which earbonyldiimidazole® and dievelohexylearbodi-
imide? coupling methods were emploved.  We found
the active ester method to give good vields with o
variety of amino acids.

For example, 178-1-leucinamido-i-androsten-33-ol
(111a) was obtained by condensation of carbobenzoxy-n.-
leucine p-nitrophenyl ester with the steroid amine [ to
obtain the mtermediate ITa m SS9 vield, followed by
debloeking with sodium and liguid ammoniat in H8G;
vield (Secheme I).  Similar couplings led to analogous
intermediates  containing  r-tyrosine  (I1Ib), 1L-scrine
(Ile), glveine (11d), glveylglveine (Ile), aud p-serine
(ITf).  Reductions of these with sodium and liquid
ammonia yielded the amino amides 1IIh. 11Te, IT1d.
an TTIf as well ax the peptide amide ITle.

NH—R
HO
114, R = CBZ-1-len g, R = v-len
IIb, R = N-CBZ-O-Bzl-1-tyr IIIb, R = v-tvr
ITe, R = N-CBZ-1-ser Ille, R = 1er
I1d, R = CBZ-gly 1I1Id, R = glv
Ile, R = CBZ-glvgly IIle, R = glvgly
Iif, B = N-CBZ-v-ser IITf, R = p-ser

In the case of L-tyrosine the p-nitrophenyl ester of
N-carbobenzoxy-O-benzyl-L-tyrosine® was used in the
preparation of Ilb, and the blocking groups werc
removed simultaneously during the sodium and
ammonia  treatment. The p-nitrophenyl ester was
used as the aetive ester in all except the serine cases,
where the 2,4-dinitrophenyl esters of N-carbobenzoxy-
L-serine®  and  N-carbobenzoxy-p-serine  were more
readily prepared.
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NHCOCHCH,CHCH,
NH—CBZ
N, NH.
HO
Ila
CBZ = carbobenzoxy CH,
NHCO(EHCHZCHCH;
NH,
HO
MIE

With the discovery of interesting biological activity
i these produets the question of stereospecificity was
studied. At first this involved the preparation of the
v-serine derivative IIIf, which is an epimer of IIle.
Subsequently we choge to make also another epimer,
17 a-L-serinamido-H-androsten-33-ol (IV). Coupling of
the 2,4-dinitrophenyl ester of N-carbobenzoxy-L-serine
with 17@-amino-s-androsten-38-ol and deblocking as
described above proceded in good yield to give IV.

For biological comparison the neutral 178-glycol-
aniido-5-androsten-3g-ol was made by coupling glycolic
acid  N-hydroxysuccinimide ester with the steroid
amine .

Related steroidal peptides have been deseribed by
Pettit and coworkers.” These authors made the v-pro-
line derivative of amine I using Woodward’s reagent X
for the coupling.  Also they have described a number of
blocked amides and peptides iuvolving glyeine, L-
tryptophan, and 1-arginine.  We began our work
unaware of these studies by Pettit’s group and did not
try the same methods. The only overlap of Pettit’s
work and ours appears to be in the preparation (by
different methods) of 178-carbobenzoxyglycinamido-»-
androsten-38-ol (Ild).

£¥) 1a) (i, R. Pettit, R, L. Smith, A, K. DasGupta, and J. L. Occolowitz,
Can. JJ. Chem,, 48, 501 (1967); (b) G. R. Pettit, R. L. 8mith, and H. Klinger,
Jo Ui, Chem., 10, 145 11467, uml relerences cicerd therein.
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ANTIDEPRESSANT AcTiviTy IN Mice
Act.
Compd Dose, mg/kg rating
111a 20 po +1
50 po +2
20 ip +2
I1Ib 50 po +1.5
I1Ic 5 po +1
10 po +2
20 po +2
I11d 50 po —+2
10 ip =+
30 ip +2
111e 50 po +3
I11f 20 po +1
50 po +2
v 20 po +1
50 po +1
Positive control 25 po +2

The new amiio aniides were tested for antidepressant
activity in mice, using a procedure described by
Everett.?® The compounds were given to groups of
four mice, and the effects were recorded at the 4-hr
period. Amitriptyline hydrochloride was used (at 25
mg/kg po) as a positive reference. The activities are
recorded in Table I.

Variation of the amino acid component changes the
intensity of action but not the type of respouse. In the
serine cases the epimers IIIf and IV were less active
than Ille, leaving the 173-L-serinamido derivative as
one of the more orally active compounds. The
glyeylglycinamido derivative (Ille) also showed good
activity. The related amide, 173-glycolamido-5-andro-
sten-38-ol, showed no activity in the above test. Like-
wise the blocked intermediate 1Ic¢ gave a barely detect-
able response.

Endocrine testing with two of the compounds (I1Ib
and IIle) did not show significant activity as measured
on the male sex accessory glands of the rat after 12-day
treatment at subcutaneous doses up to 1.5 mg/rat/day.?

Experimental Section

Tlc was used to determine purity of intermediates and products.
Silica gel G plates were used and were developed with combina-
tions of MeOH and CHCl;. A Thomas-Hoover apparatus was
used for melting point determinations in capillary tubes. All
compounds gave ir spectra consistent with the structures. All
compounds gave elementary analyses for C, H, and N within
0.49, of the theoretical values.

173-(N-Carbobenzoxy-L-leucinamido )-5-androsten-33-ol
(Ila),—A solution of 178-amino-5-androsten-38-ol (435 mg,
0.0015 mole) in 6 ml of CHCl; was treated with p-nitrophenyl
carbobenzoxy-L-leucinate (639 mg, 0.00165 mole) for 16 hr and
then evaporated to dryness in vacuo. Crystallization from
EtOH-hexane vielded 0.9 g of crude product. Recrystallization
(Me,;CO-heptane) afforded white rosettes, 710 mg (88%,), mp
165-167°, [«]%p —77.6° (¢ 1.0, CHCL). Anal. (CssHuN:04).

(8) G. M. Everett, Proceedings of the First International Symposium on
Antidepressant Drugs, Milan, 1966; Ezcerpta Med. Iniern, Congr. Ser., No.
122, 164 (1867). See also G. M. Everett, ¥. Will, and A. Evans, Fed. Proc.,
23, 198 (1964). In rating the test compounds, -1 denotes increased ac-
tivity, -+2 denotes markedly increased activity plus irritability, and +3 is
maximal response including aggressive fighting.

(¥) Endocrine testing was done by Dr. R. Oslapas and associates. T'le
test used was similar to tlie intact male rat assay described 'y otliers; see
R. A, Edgren, Acta Endocrinol., Suppl. 87, 11 (1963).
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178-(N-Carbobenzoxy-0O-benzyl-L-tyrosinamido)-5-andro-
sten-38-0l (IIb).—To a solution of the amine I (435 mg, 0.0015
mole) in 8 ml of CHCI; was added p-nitrophenyl N-carbobenzoxy-
C-benzyl-i-tyrosinate (800 mg, 0.00153 mole). After a few
minutes a clear solution resulted, which became milky after 15
min.  After 16 hr the mixture was evaporated to drymess in
vacuo, the residue was washed with ether, and the resulting white
solid (1,02 g) was crystallized from CHCli-hexane, affording
white rosettes (0.91 g), mp 202-204°, la|®p —26.7° (¢ 1.0,
CHCIg). Anal. (C43H52N205).
178-(N-Carbobenzoxy-L-serinamido)-5-androsten-33-01 (Ilc).
—To a solution of the amine I (867 mg, 0.003 mole) in 13
ml of THY was added 2,4-dinitrophenyl N-carbobeinzoxy-1-
serinate (1.239 g, 0.00302 mole) in 5 ml of THF. After a few
minutes crystallization of the product ensued. After 6 hr ether
was added to iucrease crystallization, and 1 hr later the product
was separated; yield 1.35 g. After recrystallization from diox-
ane-hexane the yield was 1.25 g, mp 133-136° (polymorphic
forms, mp 125-127° and mp 110-113°, were also observed),
lal“D —39.60 (C 10, I),\IF) A.?’L(ll. <C30H42N205).
178-Carbobenzoxyglycinamido-5-androsten-38-ol (IId).—A
solution of the amine 1 (145 mg, 0.0005 mole) in 2 ml of hot
CHCI; was cooled to room temperature and treated with p-nitro-
pheuyl carbobenzoxyglycinate (176 mg, 0.00055 mole) for 16 hr.
Dilution with hexane caused crystallization; yield 222 mg (929;)
of white needles, mp 197-199°. Recrystallization (EtOH-
CHCL;) gave mp 200-201°, |a]®p —65° (¢ 1.0, CHCly); lit.™
mp 201-202° |a]®p —66.7° (¢ 0.87, CHCL). Anal. (CogHuyp-
N204).

173-Carbobenzoxyglycylglycinamido-5-androsten-33-01 (Ile).
—A solution of p-uitrophenyl carbobenzoxyglycylglycinate
(0.852 g, 0.0022 mole) in 3 ml of dioxane was added to a solution
of the amine I (0.578 g, 0.002 mole) in 4 ml of dioxane. The
mixture became cloudy and crystallization began after 2 min.
At 2 hr the product was separated, washed with CHCL and
Et,0; yield 965 mg of white needles, mp 223-225°. Recrys-
tallization of 1.442 g of material of this quality from 40 ml of
dioxane gave 1.343 g, white needles, mp 228-229°, |a|%p —55.4°
(¢ 1.0, DMF). Anal. (CyHypN;Os).

178-(N-Carbobenzoxy-p-serinamido )-5-androsten-38-0l (IIf).
—The iutermediate 2,4-dinitrophenyl N-carbobenzoxy-p-seri-
nate was first prepared as follows. 2,4-Dinitrophenol (3.5 g,
0.019 mole) was added to a solution of N-CBZ-p-serine (4.1 g,
0.017 mole) in 30 ml of THF. The mixture was cooled to 0°,
dicyclohexylcarbodiimide (3.56 g, 0.017 mole) was added, and the
mixture was kept cold 16 hr. The solution was clarified by
filtration and then concentrated to an oily residue, which was
crystallized from EtOH-hexane; vield 3.6 g of white fluffy
needles, mp 115-116°, |a]®p +32.3° (¢ 1, DMF); lit.t L isomer,
mp 116-117°, Ja]%p —32.7° (¢ 2, DMF).

The above 2,4-dinitrophenyl ester (1.239 g, 0.00303 mole) was
added to a solution of the amine I (0.867 g, 0.003 mole) in 9 m! of
dioxane. After 16 hr the solution was concentrated to a solid,
which was suspended in ether and collected on a filter. The
product (1.48 g) was recrystallized from MeOH-CHCl;-hexane
to give 1.2 g, mp 168-170°, [«]¥D —49° (¢ 1.0, EtOH). Anal.
(C30H42N205>~

17a-(N-Carbobenzoxy-L-serinamido)-5-androsten-38-0l.—A
solution of 2,4-dinitrophenyl N-carbobenzoxy-L-serinate (826
mg, 0.00202 mole) i1 3 ml of dioxane was added to a solution of
17 a-amino-3-androsten-38-ol0 (578 mg, 0.002 mole) in 6 mi of

dioxane. After 8 hr, Et:O-hexane was added to induce crystalli-
zation. The product was washed with Et,0; yield 672 mg, mp
174-176°. Recrystallization (CHCL-MeOH-hexane) gave 702

mg, mp 178-180°, |a]¥*p —11° (¢ 1.0, EtOH), |a|®*Dp —36°
(C 10, D,\IF) Anal. (C30H42N-20:,>.

Reduction of the Intermediates. General Procedure.—A
solution of the carbobenzoxy iutermediate in dioxaue (20-50 ml)
was added to 350 ml of liquid NH; (freshly distilled from Na).
The stirred reaction mixture, at the NH; boiling point, was
touched with a glass tube containing au exposed sodium tip until
a pale blue color persisted for about 30 sec. The solvent was
evaporated, and the residue was dissolved in CHCl;, MeOH, and
water. The CHCI; extract was washed with saturated NaCl,
dried (Na:80,), and evaporated. The solid residue was then

(10) The l7a-amino-5-androsten-33-ol (mp 195°) was made from NHs
and 178-p-toluenesulfonoxy-5-androsten-38-ol at 125° under pressure;
J. W, Cole, Frenchi Patent 1,365,225 (1964); Chem. Abstr., 62, 5319 (1V63); see
also C. H. Robinson, C. Ermann, and D. P. Hollis, Steroids, 6, 508 (1965).
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AMINOAMIDE DERIVATIVES 1 H=ANDLOSTEN-33-01,

el
Cuonppd Formmla v My, SO
I Claalla N a7 104 T4
D Cys LN Qs i3 2582060
Ile (‘y:ll,‘m:\::(;),; A0 2042006
FHId Cun HgaN2O- S0 5
I ”1‘ (‘33[{37‘.\—;1():; ,-)T
HIf CouHeN4Oy 50 257200
IV Caa TN Oy 40 190--202
reervstallized to obtain the prodiet as indicated in Table [1.

N-Hydroxysuccinimidyl Glycolate.-— Dicyvelohexylearbodiimide
(1237 g, 0.006 mole) wax added to a cold (0°) =olution of N-hyv-
droxysuccinimide (0.691 g, 0.006 mole) and glyveolic acid (0456 ¢,
0.006 mole) in 12 ml of dioxane.  After stirring 2 Iy at 0° and
20 hir 1t 25°, the =olution was filtered to remove dicyelohexyvhurea.
The combined filtrate and washings (dioxanc) were evaporated
inovarao; 1he residue was reervatallized (EtOH-hexane) (o vield
0.85 g, mp 135-136°. Anal. (CHNO;).

173-Glycolamido-5-androsten-33-ol.--"T'he hyvdroxy=ucein-
nuidyl glyeolate (173 g, 0.001 mole) was added to a solutinn
of the mmine T (289 mg, 0.001 wole) in 3 ml of dioxane. A pre-
cipitate which formed almost inmediately was redis=olved by

(13 TR

=2y o 1, RO

— 37 {0095, Ol

— 115 (v 1, DN

- 1075 (e .92, FwO1
=TS0 a1, DM

— 120t 1, AcOIL:

— 15 .6 o 1, O

Rservsrn sedvenms
FAOTE-hex
FOH-CHCEL-hex
AMeODAce
O -hex
FEtOTE-hex
MeOI-THEF
THE F1OH-1GO--Tes

wartiing.  After 16 hr the crvstalline product wis sepmrated
tyield 517 mg, mp 2066-270°) and reerystallized (IO -CHCL
F.0) to give 208 mg, mp 270-273°, [a]%p — 100° 1r 1.0, AeO11h
Anal. ':("ﬁlII:A‘,{N()I )
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The Mitomyecin Antibiotics. Synthetic Studies.
XX.!' N-Substituted Carbamoyl
and Acyl Esters of a Related
3-Hydroxymethyl-4,7-indoloquinone

Joux F, Porerro, George R, ALLex, Ji.,
AND Manmix J. Weiss

Oryucic: Chewdeal Resenrch Section, Lederle Laboratories Divisiva,
Aowrican Cyanaradd Compuany, Peacl Niver, New York

Reveived Mareh 1, 1568

The finding that the mitomyecin-related indolo-
quinone 1 possessed iuteresting o vitre and #n vivo
antibacterial activity? prompted the preparation of a
variety of congeners. In the present paper we report
the syuthesis and antibacterial properties of compounds
wherein the carbamoyl moicty prescut in 1is variously

O

O (H
1, R = CONH.
2R = I
3 R = COUCIIL

substituted on the nitrogen atom or replaced by other
acyl groups.  Variations of the group attached to the
3-methylene earbon are of special interest in the delin-

(1) Paper X1X: )1 aletto, G R Allen, Jre., aned Md Wess, L 0 ed
Chem., 10, 95 11067),
2y (LR Allen, Jr.. ovd Mo J0 Weiss, bl 10, 1 (19GT 3.

eation of the structure-activity relationships, inasmuch
as this earbon iz one of the sites for biological allevlation,
which may be implicated in the mechanisms by which
the mitomycins exert their effect.?

Acylation of the indoloquinonce-3-carbinol 2* with
certain aeid anhydrides or aeyl halides in pyvridine gave
the ester derivatives deseribed i Table T, For the

Tapne |
CARBONYLIC ESTERS OF 1=FTIyL-J-11YDROX Y MDY -
J=METHONY=2,6-DIMETH Y 1~4, T-INDOLOQUINONE?

CH,O CH.OCOR
|
CH, N CH.
o |
C‘ZH:]
Yiell, My,
Cryrsd Q s e Forinla
0 (G 41 |RETR R Y Cral LN O
i L N5 127128 CirllaNO;
5 Ol =2 113 1147 CLllaNO,
X Celly Y 127128 CallsNO:
0 Culls 71 150141 Cy N O
1t 2-CHELD 01 1506157 N,
11 Col LCH==CHT (6 125120 CallsN O,
12 ColLiCHOAC 20 {00--101 Cyy N O
13 CHO S0 137138 Cral e NUg
14 L0 S0 112- 113 Cip g N Oy

“ Prepared by methnd A0 7 Material ol sualytical puviny.
< Unless noted otherwise, all compounds were recrystallized from
CH.Cli-petrolenm ether (bp 30-60°1 ¢ Aualyses for 0, I, and
N were within =0.47, of the theoretical values except where
noted.  » Recrvstallized from Me.CO-hexune.  / Recrystallized
from E1OAehexane. » Noealed, 3.5310 Taund, 1,32,

Gl W Rzslalsks pod VoONG lver, oo Fegen, 28,000 010l by A
Woeisslhael aml AL Fisien Brachemistre, &, 196 019055,


file:///-Substituted

