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as g, pinified by chromatography on alumina  cohunn,
After placing the material on a colhimn in benzene solution,
the colummn was elited with benzene, benzene-absolute ethanol
mixtures  (Y9:1, 98:2, 95:5, 50:50), and absolnte ethanol.
Compound III was isolated from the 99:1 benzene-absohite
ethanol fraction and reerystallized from tolene.

17 «~Ethynylestradiol 3-Chloroformate.—To 2 ¢ (0.007 mole) of
| 7a-ethynylestradiol and 3 ml of triethylamine in 20 ml of di-
oxune, 4 g (0.016 mole) of phosgene in 25 ml of anhydrong ben-
zene at 0° was added with stirring.  After standing overnight
At rooml temperature, the triethylamine hydrochloride was
rentoved by filtration and the solntion was concentrated nnder
vacuunt,  The resulting oil, tritnrated with petrolenm ether,
gave 2.2 g (85.3%) of the chloroformate, mp 138-139°.
s-Benzylestradiol 178-chlorofornmate (IV), mip 104-106°(X 0.4¢ ),
was prepared similarly bint without an HCI acceptor (Et;N).

17«-Ethynylestradiol 3-|N,N-Bis(2-chloroethyl)]carbamate
(VI).—- N |N-Bis(2-chlori:ethyl)carbamoyxl chloride (2.4 g, 0.012
nole) was added to a soliution of % g (0.01 mole) of 17a-ethynyl-
estradiol 1n 30 mil of pyridine.  Alter 3 days of standing at room
temperatitre, the reaction nixture was poured onto ice-~water
containing o small quantity of methanol. VI (7349, 3.45 )
ctystallized on standing. A recrystallization from methanol
gave an analytical sample, mp 141-142°.
173-Estradiol 3-|N,N-Bis(2-chloroethyl)|carbamate (V).

Iistradiol (1.5 g, 0.0055 nole) was added to 10 ml of anhydrons
ethanol iv which 0.13 g (0,0056 g-atom) of Na had been dissulved.
After renwoval of the solvent nunder vacinm the solid was sis-
pended in 20 ml of toliene and 1.2 g (0.006 mole) of nitrogen
mmstard chloroforimate was added with surring.  The mixtire

Histamine Releasers.

¢ Treatment begiuts 3 days after tumor transplantation in mice,
/ Treatment begins 24 hr after tumor transplantation in rats.

L.

“reatment begins 24 hr after timor transplan-

wits reflixed for 4 e, Alter fileagion from NaCl and vemeval
ol the solvent nnder rednced pressure, the residne was yeerystal-
lized from benzene-petrolenm cther, giving 1.6 g (727, of
V', mp 104-105°.
173-Estradiol 173-:N,N-Bis(2-chloroethyl)|carbamate (I1l).

A sohition of 3 g (0.0056 mole) of TV in 20 ml ol absolite ethandd
was hvdrogenated in the presence of 2 g ol A0 Pt-C. The thea-
retical amwonnte of e was absorbed after 2 hr.  Alter filtration
from the catalyst ond removal of the solvent, 2.2 g (SRH7 o
eryvstalline TIT wax nbtained: bip 128-150°, alter recrystallizo-
ton from toliene, mp 1:30-132°,

17 a~Ethylestradiol 3-[N,N-Bis(2-chloroethyl)|carbamate
(VID). ~-Compound VI (2 g, 0.0044 mole) and 1+ gol 57, Pt-C i
20 ml of EtOIl were shaken mider hydrogen at sqtimospherte
pressure.  ‘The theoretical amonnt of 1. was alsorbed alter 1.5
hr,  The catalyst was removed Dby fltration, and the solvent was
distiled inder vaenum giving 1.6 g (79.6%, ) of VIT, mp 115 117¢
after recrystallization {rom petrolenn ether.
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A series of T-alkyl-4-phenyl-d-aminomethylpiperidine amides of varions dibasic aeids were fomnd to have hosta-

tmine-releasing activity in dogs.
ntethylerephthalamide (XIIT).

In 1955, Chiavarelli, el al.,' in quest of compounds
with curare-like activity, discovered o new series af
hypotensive agents (later known to be histamine re-
leasers), which were amides derived from 1-methyl-4-
phenyl-4-aminomethylpiperidine and aliphatic¢ dibasic
acids of formula T They found that a peak in activity
occewrred when n cqualed 8. Tt was also reported that

chy X0 Claoviorelly, O Corvilleoy, et G Ty Narini-Dettole, Lend, L

Nypes, Seovda, 18, 1(123 (H1640).

The most potent compomd was 44-dimethy]-N,N’-4-phenyl-4-piperidyl-
An exploration of the structnre=activity relationship in this area is deseribed.

CgH; CH,NHCO(CH,), CONHCH,  C:H,
! 1
CH, CH.

1
quaternization of the piperidine nitrogen or reduction
of the earbonyl groups caused a loss of activity.  With
these data we began an exploration of the soructure-
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activity requirements in order to find a still more po-
tent histamine releaser.

Our first thought was to replace the 4-phenyl group
with hydrogen as in II (Table III). This structural
change caused a complete loss of activity, so the phenyl
group was henceforth left undisturbed. The biological
activity of this and subsequent compounds is sum-
marized in Table I The next grouping to be varied

TaBLE I
Broon PRESSURE AND PrLasma HistamiNeE LEVELS

~———Dog 1—— ~——Dog 2

Time Plasma Plasma

after Blood hista- Blood lista-

admin, pres- mine, pres- mine,

Comnpd? min sire B#g % sure g %
h 0 140 1.0 115 3.0
2 40 36.9 K0 46 . 1)

30 120 4.1 60 2.9

111 0 130 1.6 175 1.4
2 70 8.8 160 2.1

30 130 1.5 170 1.4

v 0 150 1.0 175 1.5
2 75 6.7 160 5.1

30 150 1.5 170 1.5

VIIT 0 200 0.6 175 1.7
2 125 3.5 175 2.4

30 100 0.7 185 1.6

IX 0 140 2.0 160 1.1
2 125 1.2 60 6.0

20 125 1.0 155 0.8

X11 0 185 2.4 215 0.9
2 150 8.1 200 1.6

30 165 1.2 200 1.2

XIIT 0 160 2.7 175 0.6
2 60 182.0 135 33.7

30 95 31.2 125 3.5

XVIII 0 165 0.8 200 1.3
2 35 36.0 125 20.4

30 120 2.1 175 2.1

« The dosages were 100 ug/kg iv. Componnds II, V-VII, X,
XI, XIV, and XXIX were found to be completely inactive in
tests involving one animal per componnd. * p-Methoxyphen-
ethyvlamine-formaldehyde condensation prodnet.

was the substituent on the piperidine nitrogen. A com-
parison of the unsubstituted, methyl, ethyl, benzyl, and
p-methoxyphenethyl compounds (III-VII) indicated
that alkylation of the piperidine nitrogen with a group
larger than methyl was detrimental to activity. The
unsubstituted compound (III) and the N-methyl
derivative (IV) were of a comparable order of activity.
Compound VII was prepared since other p-methoxy-
phenethylamine derivatives possess histamine-releasing
ability.? However, it proved to be inactive as a his-
tamine releaser.

We then turned our attention to another variable,
the nature of the dibasic¢ acid moiety (R,) which pre-
sumably serves as a ‘‘spacer’’ between the piperidine
rings. Since the variation in alkyl chain length had
already been investigated,! we decided to insert aro-
matic residues between the amide groups. The ter-
ephthalic acid amides (VIII and IX) were about as ac-
tive as their corresponding analogs (IIT and IV) in the
sebacamide sertes. While keeping the piperidine por-
tion constant, the isophthalic acid (X) and 4,4’-di-

(2) R. Baltzly, J. S. Buek, E. J. DeBeer, and F. J. Webh, .J. Am. Chem,
Sov., T1, 1301 (1049),
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phenylearboxylic acid (XI) amides were prepared and
both were found to be inferior to the terephthalic
amide (VIII). The 1,4-phenylenediacetic acid amide
(XII) had approximately the same potency as VIIIL.

Before proceeding to a study of our last variable,
substitution on the amide nitrogen, we wished to
know whether an amide function was truly essential.
Though it was shown that reduction of the carbonyl de-
stroyed activity, this did not prove that insertion of a
different type of carbonyl function would be inap-
propriate. To demonstrate this point we prepared the
terephthalic acid ester (XXIX) of 1-methyl-4-hy-
droxymethyl-4-phenylpiperidine® and found it to be
inactive. Although it is possible that some esterase in
the blood stream could have rapidly hydrolyzed the es-
ter, this experiment discouraged us from substituting
other carbonyls for the amide group.

Replacement of the hydrogen on the amide nitrogen
by a methyl group (XIII and XVIII) gave surprising
results. These compounds were far more active and
exhibited longer duration than the other members of
the series. The activities of XIII and XVIII as meas-
ured by iniravenous injection in dogs were compared
with that of the potent p-methoxyphenethylamine-
formaldehyde condensation product.? In two runs
compound XIII showed about 1.3 and 4.5 times the
activity of the standard, while XVIII had about 0.5
and 0.9 times the potency of the standard.

The chemical synthesis of the compounds was very
straightforward and involved the treatment of 2 equiv
of an appropriate piperidine compound with 1 equiv of a
bis(acid chloride) in an inert solvent. For preparation
of the l-unsubstituted piperidines, 1-benzyl-4-amino-
methyl-4-phenylpiperidine was acylated and the benzyl
group was removed by hydrogenolysis. 1-Methyl-4-
aminomethyl-4-phenylpiperidine (XXII) used for the
preparation of II, IV, IX, and XI was obtained by
the I[iAlH, reduction of 1-carbomethoxy-4-cyano-4-
phenylpiperidine (XIX). 1-Ethyl- (XXIII) and 1-
(p-methoxyphenethyl) -4 -aminomethyl-4-phenylpiperi-
dine (XXIV) were prepared by hydride reduction of
the appropriate amides (XX and XXI, respectively).
1-Benzyl-4-methylaminomethyl-4-phenylpiperidine
(XXVI) used for preparation of XIII was obtained by
hydride reduction of the methyl urethan of 1-benzyl-
4-aminomethyl-4-phenylpiperidine (XXV). 1-Methyl-
4-methylaminomethyl-4-phenylpiperidine  (XXVIII)
used for the preparation of XVIII was similarly ob-
tained from the urethan (XXVII).

Biological Evaluation.—For tests of histamine re-
lease, healthy mongrel dogs were anesthetized,* the
left femoral arteries were surgically cannulated, and
arterial blood pressures were measured directly by
means of a Statham P-23 pressure transducer connected
to a recording polygraph (Gilson Medical Electronics).
The compounds were administered intravenously (100
wg/kg) as aqueous solutions of their hydrochloride
salts. Blood (5 ml) was withdrawn immediately be-
fore and at 2- and 30-min intervals after administra-
tion, and heparinized plasma was obtained in the usual
manner. Histamine content was measured by the

(3) B Elpern, ¢btd., 76, 281 (1954).

(4) In conducting the research reported lerein, the investigators adhered
to the " Principles of Laboratory Animal Care™ as estahlished by the National
Society for Medical Researcl.
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method of Shore, ¢t al.,> employing a later modification®
where one-tenth the usual amount of o-phthalaldehyde
was used. Duplicate 1-ml aliquots of plasma were
analyzed; fluorescence of the final solutions was
measured on a Turner fluorometer’ equipped with 7-60
primary and 2-A secondary filters. The lower limit of
sensitivity was 0.005 ug of histamine/ml of initial sam-
ple, and the precision of reading samples was +=0.0005
ug.  Recoveries of added histamine from plasma aver-
aged 9297 (range 90-969;). Average deviations of
single determinations from their means did not exceed
49, Serotonin did not contribute in this assay.

Experimental Section

Physical and avalytical data are listed in Tables IT and III.

A. N,N’-(1-Benzyl-4-phenyl-4 -piperidylmethyl)terephthal -
amide Dihydrochloride (XIV).—To a chilled mixture of 2.0 g
(7.1 mmoles) of 4-phenyl-4-aminomethyl-1-benzylpiperidine
(Aldrich Chemical Co.) in 15 nil of anhydrous methyletie chloride
was added (dropwise) a mixture of 0.73 g (3.6 mmoles) of tereph-
thaloyl dichloride in 10 ml of anhydrons CH.Clk. The mixture
was stirred at room temperature 1 hr, then allowed to stand at
room temperature overnight., The white solid was collected by
filtration and recrystallized from absolute methanol, giving
1.83 g (8767) of white crystals, mp 283-290°. A sample was
canverted to the free amine (partitioned between CHCl; and
107 NaOH) and recrystallized from 2-methoxyethanol.

B. N,N’-(4-Phenyl-4-piperidylmethyl)terephthalamide (VIII).
~—To 500 mg of 1009, Pd catalyst were added 20 ml of glacial
acetic acid and 1.3 g (1.7 mmoles) of XIV., The mixture was
hydrogenated at 70° and atmospheric pressure, taking up the

(53) P. A. Shore, A. Burklalter, and V. H. Cohn, Jr., J. Pharmacol.
Exptl. Therap., 127, 182 (1959).

(6) D. von Redlich and D. Glick, Anal. Biochem., 10, 459 (1965),

(7) Model 110 was equipped with a high-sensitivity conversion kit, No.
110-865. and a microcuvette adaptor, No, 110-66,

16-Aza STEROIDS 177

theoretical amount of hydrogen in 1 hr. The mixture was
dilnted with 25 ml of wuter, the catalyst was removed by filtra-
tion, and the fillrate was evaporated in vacuo to dryness. The
gnmmy material was takeun up iu water and alkalized (pH 10)
with 109, NaOH to precipitate a white solid. The solid was
collected by filtration and washed thoronghly with water to
leave 0.74 g. Recrystallization from 2-methoxvethanol afforded
0.56 g (669, ) of white crystals.

C. 1-Carbomethoxy-4-cyano-4-phenylipiperidine (XIX).—To
a mixture of 5.0 g (22.5 mmoles) of 4-phenvl-4-cyanopiperidine
hydrochloride, 100 ml of water, 2.2 g (54 ninioles) of Na(1, and
50 ml of CHCL was slowly added 2.0 mil (27 wimoles) of methyl
chloroformate. The mixtiure was vigorously stirred at rooni
temperatiire for 2 hr, chilled, and acidified to pH 2 with 6 .\’
HCL The mixtnre was stirred (chilled) for 1 hr, and the chloro-
form layer was removed and washed with water. The CHCl;
extract was dried (MgSO,) and evaporated #n vacuo to dryness to
give an orange syrup which crystallized npon stauding to vield
5.0 g (919%) of white crystals. An analytical sample was ob-
tained from cyclohexane.

D. 1-Methyl-4-aminomethyl-4-phenylpiperidine Dipicrate
(XXII).—To a cold suspeusion of 7.7 g (0.2 mole) of LiAlH, in 175
ml of anhydrous tetrahydrofuran was slowly added 5.0 g (22.3
mmoles) of XIX. The mixture was reflixed 15 hr. Excess
LiAlH, was decomposed by the careful addition of absolute
ethanol., The reaction niixture was theu treated with water,
stirred brieflv, and evaporated in »acuo to near dryness. The
pasty material was extracted with 1-bntanol, which was dried
(MgS0,) and evaporated in rvacuo to yield 3.64 g (807 ) of
orange syrnp. A sample was converted to the picrate and re-
crystallized from 2-methoxyethanol.

1-Methyl-4-hydroxymethyl-4-phenylpiperidine Terephthalate
(XXIX).~To a chilled mixture of 1.02 g (5 mmoles) of 1-methyl-4-
phenyl-4-hydroxymethylpiperidine? in 10 ml of anhydrous CH.Cl,
was added a suspension of 0.505 g (2.5 mmoles) of terephthaloyl
chloride in 10 nil of of anhydrous CH,Cl,. The mixture was
stirred at room temperature (25°) for 18 hr, and the white crys-
tals were collected by filtration. Trituration with acetone gave
1.25 g of crude material. Recrystallization from 2-propaiol-
absolite methanol yielded 0.292 g (119,), mp 276-279°.

Anal. Caled for CyHyN.04-2HCL-H,O: C, 64.6; H, 7.03;
N, 443, Found: C, 64.6; H, 7.09; N, 4.50.

16-Aza Steroids
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The preparation of several 16-azaandrostenes is described, ntilizing 38-hydroxy-16,17-secoandrost-3-ene-16,17-

dioic acid (I) as startiung material.

The latter componnd was trausformed, via its diester ITa, half-ester ITh, acid
chloride II¢, and isocyanate III, into 38-hydroxy-16-azaandrost-3-en-17-one (V).

In a similar mammer 16-

azaestrone was prepared from the methyl ether of marrianolic acid. The results of some preliniipary hiological

tests are reported.

The introduction of a nitrogen atom into the steroid
nucleus has led to compounds exhibiting diverse bio-
logical activity.! Although most of the ring D aza
steroids previously described? are analogs of D-homo-
steroids, the preparation of various 17-aza steroids
has been reported? in which the nitrogen is incorporated
in a five-membered D ring. Studies on the corre-
spouding 16-aza series were initiated by Bachmann and
Ramirez, who described* the synthesis of di-16-azade-

(1) M. Martin-Smith and M. F. Sugrue, J. Pharm. Pharmacol., 16, 569
(1964).

(2) L. Tokes in ""Steroid Reactions,'" C. Djerassi. F.d., Holden Day, Inc.,
San Francisco. Calif., 1963, pp 502-531.

(3) (a) 8. Rakhit and M. Gut, J. Org. Chem., 29, 859 (1964); (h) S,
Rakbit and M, Got, Steroids, 4, 291 (1964).

(4} W. I, Bachmann and ¥, Ramirez, .J. Am. Chem. Soec,, T2, 2627 (1950).

oxyisoequilenin and dI-16-azadeoxyequilenin. A re-
cent report on the preparation of the 16-aza derivatives
of estrone® prompts us to describe our related studies
in this field.

In this connection, a diester of 38-hydroxy-16,17-
secoandrost-3-ene-16,17-dioic acid (I) appeared attrac-
tive as a starting material for the 16-azaandrostenes.
Due to the steric hindrance of the tertiary carboxyl
group, the diacid I has usually been converted to the
dimethyl ester® with diazomethane. We have found
that I was more conveniently esterified with the diethyl

(5) J.8. Baran, U. 8. Patent 3.257.412 (June 21, 1966).

(6) (a) J. Heer and K. Miesclier, Helv. Chim. Acta, 80, 786 (1947): (b) Il.
B. Hershherg, E. Schwenk, and F. Stahl, Areh. Binchem., 19, 300 (1148);
(¢) C.von Seeman and G. A. Grant,.J, Am. Clem. Soc,, T2, 4073 (1950).



