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method of Shore, et 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
497, Serotonin did not contribute in this assay,

Experimental Section

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

A. N,N’-(1-Benzyl-4-phenyl-4-piperidylmethy!)terephthal-
amide Dihydrochloride (XIV)—To a chilled mixture of 2.0 g
(7.1 mmotes) of 4-phenyl-4-aminomethyl-1-benzylpiperidine
(Aldrich Chemical Co.) in 15 ml of anhydrous methylene chloride
was added (dropwise) a mixture of 0.73 g (3.6 mmoles) of tereph-
thaloyt dichloride in 10 ml of anhydrous CH;Cl. 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 (67¢%) of white crystals, mp 283-290°. A sample was
converted to the free amine (partitioned between CHCl; and
10¢; NaOH) and recrystallized from 2-methoxyethanol.

B. N,N’-(4-Phenyl-4-piperidylmethy!)terephthalamide (VIII).
—To 500 mg of 1009, Pd catalyst were added 20 mtl 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

(3) P. A. Shore, A. Burkhalter, and V. H. Cohn, Jr., J. Pharmacol.
Exrptl. Therap., 127, 182 11959).

(6) D. von Redlich and D. Glick, Anal. Biochem., 10, 439 (1965).

(7) Model 110 was equipped with a high-sensitivity conversion kit, No.
110-865, and a microcuvette adaptor, No. 110-66,
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theoretical amount of hydrogen in 1 hr. The mixture was
diluted with 25 mi of water, the catalyst was removed by filtrn-
tion, and the filtrate was evaporated in vacio to dryness. The
gummy material was taken up in water and alkalized (pH 10)
with 109, NaOH to precipitate a white solid. The solid was
collected by filtration and washed thoroughly with water to
leave 0.74 g. Recrystallization from 2-methoxyethanol afforded
0.56 g (659 ) of white crystals.

C. 1-Carbomethoxy-4-cyano-4-phenylpiperidine (XIX).—To
a mixture of 5.0 g (22.5 mmoles) of 4-phenyi-4-cvanopiperidine
hydrochloride, 100 ml of water, 2.2 g (54 mmoles) of NaOI1, and
50 mi of CHCl, was slowly added 2.0 ml (27 mmuoles) of methyl
chloroformate. The mixture was vigorously stirred at room
temperature for 2 hr, chilled, and acidified to pH 2 with 6 .\
HCL The mixture was stirred (chilled) for 1 hr, and the chloro-
form layer was removed and washed with water. The CHCl
extract was dried (MgS0,) and evaporated 7n vacuo to dryness to
give an orange syrup which crystallized upon standing to yield
5.0 g (919%) of white crystals. An analytical sample was obh-
tained from cyclohexane.

D. 1-Methyl-4-aminomethyl-4-phenylpiperidine Dipicrate
(XXII)—To a cold suspension of 7.7 g (0.2 mole) of LiAIH,in 175
ml of anhydrous tetrahydrofuran was slowly added 5.0 g (22.3
mmoles) of XIX. The mixture was refluxed 15 hr. Excess
LiAlH,; was decomposed by the careful addition of absolute
ethanol. The reaction mixture was then treated with water,
stirred briefly, and evaporated in v»acuo to near dryness. The
pasty material was extracted with 1-butanol, which was dried
(MgS04) and evaporated in vacwo to yield 3.64 g (80¢;) of
orange syrup. 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-methyi-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 ml of of anhydrous CH,Cl,. The mixture was
stirred at room temperature (25°) for 18 hr, aud the white crys-
tals were collected by filtration. Trituration with acetone gave
1.25 g of crude material. Recrystallization from 2-propanol-
absolute methanol yielded 0.292 g (11¢7), mp 276-279°.

Anal. Caled for CyuHoN:204-2HCH-H.O: C, 64.6; H, 7.03;
N, 4.43. Found: C, 64.6; H, 7.09; N, 4.50.
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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 starting material.

The latter componund was transformed, via its diester I1a, half-ester IIb, acid
chloride IIe¢, and isocyanate III, into 38-hydroxy-16-azaandrost-i-en-17-one (V).

In a similar manuer 16-

azaestrone was prepared from the methy! ether of marrianotic acid. The results of soine preliminary biological

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-
sponding 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, Ed., 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.
Rakliit and M, Gut, Steroids, 4, 291 (1964).

(4) W. %, Baclimann and F. Ramirez, J. Am. Chem. Soc., T2, 2527 (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.S. Baran, U. S. Patent 3,257,412 (June 21, 1966).

(6) (a) J. Heer and K. Miescher, Helv. Chim. Acia, 80, 786 (1947); (b) Ii.
B. Hershberg, E. Schwenk, and F. Stahl, Areh. Binciem., 19, 300 (1(48);
(¢) C.von Seeman and G. A. Grant, [, Am. Chem. Soe,, T2, 4073 (1410).
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acetal of dimethylformamide” to give the diethyl ester

ITa® in 789 yield (see Chart I).

Mild hydrolysis of the diester IIa gave the half-
ester IIb which was converted, via its acetate, to the
corresponding acid chloride IIe.  Reaction of the latter
compound with sodium azide gave the azide I11d which,
without isolation, was transformed on heating to the
isocyanate I1II.  Attempts to prepare the amine IV by
direct acid hydrolysis of the isocyanate ITI were un-
successful.  However, treatment of IIT with ¢-butyl
alcohol gave the f~butylurethan which cleaved readily
in the presence of acid® to give the amine hydrochlo-
ride IV. The latter ¢ompound underwent smooth
cyclization in the presence of dilute base to give 38-
hydroxy-16-nzanndrost-5-en-17-one (V).

In a more convenient procedure, the isocyanate 111
wias converted directly and in high yield to the lactam
V on treatment with dilute base. Oxidation of V by
the Oppenauer methad gave the expected 3-keto
factam V1.

Vigorous reduction of the lactam V with lithium
aliminum hydride in dioxane gave the amine VII.
Treatiment of the latter compound with acetic anhy-
dride in pyridine gave the N-acetyl acetate VIII,
which was hydrolyzed to the corresponding alcohol
IX. Reaction of the amine VII with formaldehyde
and formic acid gave the N-methyl derivative X.
Oppenaner oxidation of IX and X gave the correspond-
ing ketones X1 and XII, respectively (see Chart II).

(71 (a) }. Vorhriggen, Angew. Chem. Intern. Ed. Engl., 8, 211 (1963};
1)) . Brechbiiler, 11, Bichi, 1&. Hatg, J. Sclireiber, and T. Kschenmoser,
rhid., 2y 212 (o3 Helv. Chim. Acti, 48, 1746 (1965).

(8) Virsl prepared from the diacid and diazoethane by 8. Kuwada and K.
Nakamma, J. Mhoom, Soe. Japan, 88, 841 (1WB38); (Them. Abstr., 88, 2530
CL),

arl W, L Beyerman and )8, Ranlekaae, a0, Chem. Soe,, 249 (146)),

. KimRsteaD, A, IfARAONT,

anp A Donis Vol 10

Chawr I1

Eji E ]1: NCOCH.
CH,CO.

HO
VIIT
NCH, NCOCH,
HO HO
X IX
NCH, NCOCH.
0 (0]
XTIt X1

Our studies on the preparation of 16-nzacstrone
utilized as starting material the methyl ether of mairi-
analie peid (XTITa)® (see Chart TI1).  The dimethyl

Chaanry
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ester XIIIbY of the latter compound was hydrolyzed
with potassium carbonate solution to give the known
half-ester XIIIc¢!'! which was converted, ia the acil
chloride, to the corresponding azide XIIId. The
crude azide rearranged on heating in benzene solution
to afford the isocyanate XIV, which on treatment with
dilute potassium hydroxide was converted directly ta
the methyl ether of 16-azaestrone (XVa).> The latter
compound was demethylated readily with pyridine
hydrochloride to give 16-azaestrone (XVb). Reduc-
tion of XVa with lithium aluminum hydride in dioxanc
solution gave the corresponding amine, which wos
itolated as the hydrochloride (XVI). Baran has pre-
viously reported® the isolation of this amine nx the
hydrobromide salt.

\\/a R = CH,
b, R=H

(101 (a) M. Levitz, J. Awm. Chem, Soc., T8, 5352 (14d3); ) J. . Sheebun,
R. L. Coderre, and P, A. Cruickshiank, tbid., 75, 6231 (1953].
(1) First prepared by J. Heer and K. Mieselier, T, Chim. Ao, 29,

(845 1194G).
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Biological Results.—None of the 16-azaandrostenes
described herein exhibited any significant antigonado-
tropic activity when assayed orally for 10 days in im-
mature male rats at 1 mg/rat/day. The compounds
were evaluated for progestational activity in the
MePhail assay and were found inactive.!> The com-
pounds in this series did not exhibit any significant
uterotropic activity when assayed orally for 3 days in
the immature female rat at 1 mg/rat/day.

When assayed in ovariectomized rats,'® both 16-
azaestrone (XVb) and its methyl ether XVa exhibit
very weak estrogenic activity, having less than 10—
of the activity of estradiol benzoate. Both com-
pounds exhibit antiestrogenic activity!'4 and cause a 42
and 3879, inhibition, respectively, of the uterine weight
increase due to estradiol benzoate.

Experimental Section®

Diethyl Ester of 33-Hydroxy-16,17-secoandrost-5-ene-16,17-
dioic Acid (IIa).—To a suspension of 10.0 g (0.028 mole) of
38-hydroxy-16,17-secoandrost-5-ene-16,17-dioic acid (I) (mp
246-249° dec)'® and 100 ml of benzene was added 15 g (0.10
mole) of the diethyl acetal of dimethylformamide and the re-
sutting stirred mixture was heated under reflux for 3 hr (the mix-
ture became clear after about 40 min). The cooled reaction
mixture was filtered through a bed of Celite (made up in ether)
and the filtrate was diluted with an equal volume of ether. The
organic solution was washed twice with 2 A" HCI, twice with 2 .V
NaOH, and once with water., The dried (Na;S04) solvent was
removed under reduced pressure and the resulting semicrystalline
oil was crystallized from ether-hexane to give 8.84 g (78%) of I1a
as an off-white solid, mp 93-95.5° (vac), lit.8 mp 103.5-104.5°,

Monoethyl Ester of 33-Hydroxy-16,17-secoandrost-5-ene-
16,17-dioic Acid (IIbh).—A solution of 34.0 g (0.61 mole) of KOH
in 340 ml of water was added to a solution of 34.0 g (0.087 mole)
of IIa in 680 ml of methanol and the resulting mixture was heated
under reflux for 1 hr. The reaction mixture was cooled imme-
diately and most of the solvent was removed under reduced
pressure, care beiug taken that the bath temperature did not
rise above 43°. The residue was diluted with about 1 1. of water
and was then extracted with ether-methylene chloride (3:1).
The aqueous layer was cooled in ice water and acidified to congo
red with about 500 ml of 6 & HCL The resulting precipitate
was filtered and washed with water. The wet compound was
crystallized from acetone-water (1:1) to give 24.7 g (769;) of
IIb, mp 176.5-178° (vac), 1it.8 mp 176-177.5°.

Acetate of 1,2,3,4,4a,4b,5,6,7,8,10,10a-Dodecahydro-7-hydroxy-
1-chloroformylmethyl-2,4b-dimethyl-2-phenanthrenecarboxylic
Acid Ethyl Ester (IIc).—To a solution of 185 g (0.51 mole) of the
dry half-ester ITb in 1280 ml of anhydrous pyridine was added
785 mil of freshly distilled acetic anhydride and the reaction mix-
ture was allowed to stand at room temperature for 48 hr. The
reaction mixture was poured into 7 1. of water and was extracted
three times with ether-CH,Cl; (3:1). The organic layers were
washed three times with 2 " HCl and once with water. The
combined organic layers were dried (Na.80,) and evaporated
under reduced pressure to give 206 g of crude acetate, which
was used directly for the next step.

Oxalyl chloride (300 ml) was added rapidly to a stirred solution
of the crude acetate (206 g) in 2 L. of beuzene, and the tempera-
ture of the reaction mixture was then maintained at 66-69°
for 1.5 hr by heating in an oit bath.  An additional 50 ml of oxalyl

112) Assayed at a dosage of 1 mg/day sc in the rabbit.

(13) Assayed at a dosage of | mg/day po in the rat.

114) Administered orally to rats at a dosage of 20,000: 1 by weight against
estradiol benzoate, the latter being administered subecutaneously.

(15) Melting points were determined in capillary tubes and are corrected,
The infrared spectra were recorded on a Beckman Instrument Model 1R-9
and the ultraviolet spectra on a Cary recording spectrophotometer Model
14M.  Celite is a diatomaceous silica product (Johns-Manville Company).
Merck-Darmstadt silica gel 10.2-0.5 inm) was used for column chromatogra-
phy. Florisil (60~100 mesh) is a synthetic magnesium silicate (Floridin
Cy., Hanecock, W. Va.)

(16) Prepared by the method of W. J. Adams, 1D, K. Patel, V. Petrow,
and 1. A. 8tuart-Webb, J. Chem. SSoc., 297 (1956).
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chloride was then added, and heating and stirring were continued
for an additional 30 miu. The reaction mixture was cooled
and the solvents were removed under reduced pressure, care
being taken that the hath temperature did not rise above 43°.
The residiie was diluted with benzene and the solution was
evaporated to dryniess under reduced pressure in order to remove
the last traces of oxalyl chloride. The crude product was
sturried with 300 mt of hexaue (110 attempt should be made to
heat or ‘‘crystallize” at this point) and the resnlting precipitate
was filtered and washed with hexane to give 197 g (919) of the
erude acid chloride ITe, mp 114-122°, which is sufficiently pure
for the next step. A small portion was crystallized from hexane
to give the analytical sample, mp 130.5-132° (vac), [«]%D
—74.5° (¢ 1.0, CHCly), AZEC% 5,54 and 5.86 u.

Anal. Caled for CoHyClOs: C, 65.00; H, 7.83; Cl, 8.34.
Found: C,65.27; H, 7.95; Cl, 8.09.

Acetate of 1,2,3,4,4a.4b,5,6,7,8,10,10a-Dodecahydro-7-hydroxy-
1-isocyanatomethyl-2,4b-dimethyl-2-phenanthrenecarboxylic
Acid Ethyl Ester (III)..—To a vigorously stirred and cooled
(5-10°) solution of 197 g (0.463 mole) of IIc in 4 1. of acetone was
added a solution of 154 g (2.37 moles) of NaNj in 620 ml of water
over a 20-min period. The reaction was stirred in the cold
for an additional 20 min and was then diluted with 3.5 1. of water.
The mixture was extracted four times with benzene and the ben-
zene layers were washed twice with water and once with briue.
The combined benzene layers were dried (Na,SO,) and about 250
ml of benzele was evaporated under reduced pressare in order to
remove the last traces of water.

The remaining benzene solution (of crude azide IId) was
heated under reflux with stirring for 1.5 hr, whereupon the evolu-
tion of gas had ceased. The reaction mixture was cooled and the
solvent was removed under reduced pressure to give a yellow
oil which crystallized upon addition of 200 ml of hexane. The
material was filtered and crystallized from ether-hexane (1:10)
to give 131 g (709) of isocyanate (III), mp 122-127° (vac).
Crystallization from ether-hexane gave the analytical sample,
mp 127-128° (vac), [«]*p —54.6° (¢ 1.0, CHCl,), A5 4.39
and 5.80 e

Anal. Caled for Cy3HypNO;: C, 68.46; H, 8.24; N, 3.47.
Found: C, 68.19; H, 8.03; N, 3.62.

The corresponding methyt ester had mp 161.5-163.5°, [a]%D
—53.2° (¢ 1.0, CHCly), A* 4 41 and 5.81 u.

Anal. Caled for CoHuNO;: C, 67.84; H, 8.02; N, 3.60.
Found: C, 88.11; H, 8.30; N, 3.66.

Hydrochloride of 1,2,3,4,4a,4b,5,6,7,8,10,10a-Dodecahydro-7-
hydroxy-1-aminomethyl-2,4b-dimethyl-2-phenanthrenecarboxylic
Acid Ethy! Ester (IV)—A solution of 22.0 g (54.5 mmoles)
of the isocyanate IIT in 220 mi of ¢-butyl alcohol was heated
under reflux for 22 hr and then was cooled and evaporated to
dryness under reduced pressure. The residue was dissolved in
150 mi of 4 N ethanolic HCI, and the solution was heated under
reflux for 10 min. The cooled reaction mixture was evaporated
to dryness and the residile erystallized from ethanol-ethyl acetate
to give 7.68 g (389) of the hydrochloride of IV, mp 239-240.5°
dec (vae). Crystallization from ethanol-ethyl acetate gave the
analytical sample, mp 239.5-240.5° dec (vac), Aoy 5.83 .

Anal. Caled for CoHyuCINO;: C, 64.38; H, 9.21; Cl, 9.53;
N, 3.77. Found: C, 64.53; H, 9.46; Cl, 9.70; N, 3.91.

33-Hydroxy-16-azaandrost-5-en-17-one (V). A. From the
Isocyanate ITL.—A solution of 100 g (1.79 moles) of KOH in 100
ml of water was added to a suspension of 100 g (0.248 mole) of
the isocyanate III (mp 122-127° (vac)) in 940 mi of methanol.
The reaction mixture became warm and clear and was allowed to
stand at ambient temperature overnight. It was evaporated
under reduced pressure to about one-quarter of the original
volume and was diluted with 2 1. of water. The resulting pre-
cipitate was filtered, washed with water, and crystallized directly
from ethanol (charcoal), whereupon 50.8 g (715;) of lactam V),
mp 272-274° (vae), came ont of the boiling solution. An addi-
tional 9.4 g of product (mp 266-272° (vac)) was obtained upon
concentration of the mother liquors.  Crystallization from chloro-
form-acetonitrile gave the analytical sample, mp 272-274°
(vac), [a]®p —73.9° (¢ 1.0, CHCL), A5%7 2,98 and 5.95 u.

Anal. Caled for CHuNOo: C, 74.70; H, 9.40; N, 4.84.
Found: C,75.02; H,9.23; N,4.89.

B. From the Amine Hydrochloride IV.—To a solution of
100 mg (0.27 mmole) of the hydrochloride IV in 1.0 m! of meth-
anol was added a solution of 150 mg (2.7 mmoles) of KOH in
0.15 ml of water. The mixture was heated on the steam bath
for 10 min and was then evaporated to dryuess. The residue was
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dilnted with water and the resulting precipitate was filtered,
waxhed with water, and dried 1o give 69 mg (SO af et V,
wmp 27252747 (vae), Crystatlization from ethanol seetanitrile
gave 48 mg of prodnet, mp 273-274° (vac), identical with the
sanple prepared by method A.

16-Azaandrost-4-ene-3,17-dione (VI).—A solutian of 5.0 g
(17.3 mimoles) of the lnctam V in 200 ml of dioxane, 170 nl of
toluene, nnd 50 mi of eyclohexanone was heated to boiling and
30 ml of the solvent mixture was removed by distillation. To
thix hot sohition was added rapidly 5.0 g of aluminnm isopro-
poxide in 50 mb of toluene, and distillation was contined with
simuttaneous addition of fre<h tolnene.  After 30 wmin an addi-
tiomal .50 g of aluminum isopropoxide wax added and distiltation
wis continned for 2 hr, a total of 300 ml of distillate being
collected.

The =olntion was heated under reflnx for an additionat 4 hr
and then allowed to stand at room temperature overnight.  The
reaction mixture was aeidified with 400 il of 109 HyS0, solntion
and was extracted with benzene.  The organic layers were washed
three times with 104 K.COj solution, once with brine and dried
INa.30s).  The soletion was evaporated to dyyness nt aspirator
vacn, the residual cyclohexanone being removed nnder high
viienmn. - The rexidne was crvstallized from ethyl acetate to
2ive 2,00 g (30.50) of VI, mp 288.5-240° {vae).  Cry=talizaGon
feam ethyl acetate gave the analytical sample: mp 259.5-241°
tvite): o 4126° (¢ 10, CHCHLY: A2 250 mp Ce 16,0000
AU 2 90, 588, and 6.00 .

dnal, Caled for G aaNOw: O, 70220 M 877
Found: €, 75827 1, 871 N, 488,

33-Hydroxy-16-azaandrost-53-ene (VII).---To a solution of
25.0 g (0.61 mole) of TAAHT, in 1L of boiling dioxane was added
rapidly aosnspension of 25.0 g (0.0865 male) of the twetam Vin | L
of dioxnne.  The resulting mixtiire was hented under reflnx tor
20 hr inoa niwogen atinosphere.  To the cooled (iee bath)
redeion mixture was added slowly 150 ml of water and the reanc-
tion mixture wis heated under reflux for an additional 30 i,
The hot mixture was filtered throngh a bed of Celite, the lauter
Leing well washed with hot dioxane and hot ehloroform. The
filtrate was evaporated to dryness and the rexidne was crvstal-
lized from methanol-ethyl acetate to vield 18.7 g of VIL, mp
234-256.5° (vae).  Anadditional 1.0 g of prodnet {mp 234-256.5°
(vie)) was recovered from the mother lignors (total vield, 85.577 ).
Crystallization front methanol-ethyt acetate gave the analytical
stminple, mp 235.5-257.5° (vac), Toi¥o —N0.0° 10 101, CHCLY,

N, 457,

\1\11f.l;{ B -‘
N 20N
dnal. Caled for CullyNO: €0 7849 H, 1061 N, 5.00,

Found: C, 78,78 1, 10,08, N, 4.85,
33-Hydroxy-N-acetyl-16-azaandrost-5-ene Acetate (VIII).--
To a solution of 3.0 g of VII in 60 ml of hot pyridine was added
12l of treshly distilled ucetic nnhydride and the resulting sohi-
tion was heated under reflux Tor 2 hr. The cooled reaction mix-
ture was poured into 400 mib of cold water, and the precipitate
wits extracted with ether-CH.Cl (3:1). The organiec lavers
were washed twiee with 1 N HCL once with 597 NallCOy =olu-
tion, wd once with water.  The combined organie awers werc
dried (Nu1230)3) and evaporated (o dryness. The residne was
cry=tallized from acetone-hexane ta give 3.43 g ol crnde solid.
A portion tEO g) was recrystallized fram acetone-hexance to give
0.02% g of VILI, mp 175-176.5° tvac).  One fuvther reervstalliza-
tan fram accetone-hexane gave the analvtical sample, mp 175
176.5° (vae), Jei®™n —HIN® (¢ L0, CTICL), ASECY 5,70 and 6.1 u.
Angl. Caled for CulleNOc C0 73000 T 027 N, 3.00,
Fonnd: ) 73850 HL 9850 N, 5.9,
33-Hydroxy-N-acetyl-16-azaandrost-5-ene {IX)-~A solution
of 4.9 g (13.6 mmoles) of crude VIIT in 130 mi of methanol and
13 ml of 106G, NaOTl was heated under reflux for 5 min and was
then allowed to stand at room temperature for 30 min. The
ranetion inixture was eviaporiated to abont 20 ml nnd the residue
wis dilnted with 400 ml of water.  The resnlting precipitate was
filtered, washed with water and dried to give 3.98 g (927) of
crde TN, mp o IRO-192° (vae). Crestallization from ethyd
neetate give the analytical sample, mp 192-194° (vac), [o)®n
—112.4° (¢ 1.0, CIICLY, ASESY 2,77 and 6.1 u.
dnal, Cided for Cudly,NOs: € 75670 H, O.84:
Foumd: €, 75.88; 1) 0.08; N, 438,
33-Hydroxy-N-methyl-16-azaandrost-5-ene (X), A =olitia
of 18.9 g (65.7 mmoles) of VII in 15 ml of 9SC aqueons Cormie
acid and 145 ml of 569 aqueons formaldehyde was heated nnder
rellny for 2.5 hr (nitrogen atinasphere’.  An additional 145 mt
of THOHHO =alntione wees thercadded mid the rencticncmictive was

N, 4.4l
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again hented nnder reflux for 2.5 hree The resnltiog mixture was
evaporated tanear dryness under redineed pressnrve. The residne
was Gdeen p in SO0 mt of 100 methanolic KO i dhe solurion
was heated mnder vethos for 20 min. - The =alvents were then
removed wmder rednced pressnre and the residie was dilated
with 500 ml of water. The mixture was extracted three times
with ether CHLCL 2301, and the orgmide hivers were washed
once with water.  The combined organie lavers were dried
NS0 and evaporated to dryness. The prodier was ervstal-
Lized From methanol acetonitrile to give 1256 ¢ (684, 1 ol X,
mp 166 -168° fvaey, Crystallizatian {rom acetordiyile gave dee
analviical =mmple, mp HR-169.0° dvacs T ®n o FONNS e Lo
CLECE L ALY 3019 p

dnad, Caled Tor Codl, NO: ) T8N L 10800 N, 8
Famnd: ¢, 78750 1, 10.69: N, 484

N-Acetyl-16-azaandrost-4-en-3-one (XI).- -A ~ohniow at 451
g (13,6 mmoles) of IX in 350 ml of tolnene and 43 ml of eyelo-
hexanone was heated to boiling aud 30 mt of solvents was removel
by distillation.  To this hot solution wax added rapidly 4.5 g of
alunimnn isopropoxide irc 43 mt of toluene and distiltatione was
cowtaacd.  After T hre an addivoral 125 g of aluponnm ise-
propoxide wis added and distillation was continned for 30 min,
atotal of 85 ml ot dixtilate being collected.  The reaction mis-
ture was filiered frvun the nsoluble almnimnn <alts; aad the
fittrate was =temn distilled. The residine was extracted wich
ether- CHLCL 301y, and the organje favers were washed wih
witer, diied (Nu.SOLy aod evaporated. The resnlting oil was
dissolved ne benzene and filered throngh o ~hort cobnnm of
Flovisil.  Evaporatiow of the ehites gave an oil which ervsial-
Hzed from CH.CL-cther-hexane 1o vield 195 2 0461 ot XL
wap B3RS fvacen Farther ervstatlizatione from the suae
solvent system giove the analvtical smuple, mp 155 1505° ¢vae g,
e ) F10.5% o0 U CHCEs A 240 g £ 17000 A0
GO0 and 6.1 u,

el Caled 1o CalbaNOW ) 76015 L
Fomed: €, 76.20; 11, .51 N, 405,

N-Methyl-16-azaandrost-4-en-3-one (XII),—-A solution ol 8.0
g (27.6 mnoles) of Xoin 640 ml of toluenc and S0 1wl of eyelo-
hexnnone was hentesd ta boiling and 50 mt of the solvera was
removed by distillayian.  To this hat solution was added rapidly
S0 g oof alaminum isopropoxide in 80 ml of toluene and dis-
tlktion  was coutinned  with <inmnltancous addition of fre<h
taluene.  After L hr an additional 2,40 g of ahuninmm isoprop-
oxide was added aid distilndon was contimed for 30 min,
w o tatal of 230 mb of distilate being collected.  The reaction
mixtire wis caoled nnd filtered, and the filtvate was steam dis-
tilled.  The rexidue wax taken nup in CILCE, washed with water,
dried (Naa=O, and evaparated nider rednced pressuve 1o give
e evade nmine as no<olid. The Intter meuerint was dissolved in
S0t of ehyl acetate and wis treated with anhydrons HCL to
vield 7.00 g of crnde hyvdroehloride, mp 280-200.5° (vae). This
=alt wis dissolved in water and was treated with 300 mt ot 1V
KOl ~olation,  The hberated buse was isolated with ether
CHLCL a5y After evaporatione (o drynes<, the residne was
dissolved e bhenzewe and fibered throngh o <hort cohunie ar
Flori=ib o give 5.2 g o crade prodact. Cry=tallizatian trom
aqueolls  methanal followed by erystallization Jrom  etler
hexane give 5.0 g of pure NIT mp P25 PHD® cvae), T ™D
60,4 1 BO, CHOCE, A9 240 g te T 7000 A9 6,01

dnals Caled Lo CrdbNO 0 79590 HL 00T N 48T,
Found: ¢, 7h49; T, 10200 N, 473,

2-Methoxycarbonyl-7-methoxy-2-methyl-1,2,3,4,44,9,10.10a-

octahydrophenanthrene-1-acetic Acid (Monomethy! Ester of
Marrianolic Aeid Methyl Ether) (XIIIc).-- Estrowe merhyl
ether wns oxidized with KOI 10 give marrianolic acid methyl
ether (XIITw) The latter compound was converted readily
with CIHuN. to the corresponding dimethyl exter (XTITh), mp

Zhy =-0
Th-TH

0270 N, 44t

A solntion of 2000 g (L 15 moler of KaCOy e tod b af water
witx added 1o a solntion of 20,0 g (0.0535 mole) of the diester
NI i 400 ml of methavbol.  The reaction mixture was heated
ander reflux for 5.0 hre awd wax then alowed to =tand at room
temperatiwe overnight,  Moxt of the salvent wis evaporated,
and the residae was dilnted with 500 mt of water,  The nqueons
<ohttion wuas washed with ether and the combined ether washes
were dried (NauSO) aund cobeentrnted to give 2.3 g of ernde
sold,  Crystallization from methanol gave .73 g (8590 of
recovered startibg material ¢ XN, mp 7325 76°0 The nqaeons
Liyver wis then neidified to cowgo red wich 535 N HCE and the ve-
salting waxcare was extencted hree daes wide echee, The
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ether layers were washed with water, dried (Nas80,), and evapo-
rated to give 18.1 g of colorless oil which was chromatographed
on 270 g of silica gel (0.2-0.5 mm).  Elution with ethyl acetate—
benzene (1:4) and finally with pure ethyl acetate gave 16.1 g of
colorless oil.  Crystallization from ether-hexane gave 11.36 g
of half-ester (XIIIe), mp 98-101.5°. An additional 2.51 g of
product, mp 93-97.5°, was recovered from the mother lguors
(total yield 73¢;). Crystallization from ether-hexane gave the
analytical sample: mp 100.5-102.5°; [a]%p +70.4° (¢ 1.0,
C.ILOH); ASEF 210 mu (e 8470), 278 (2060), 287 (1950);
AENCG 2 77 and 5.81 w. This compornd was described previousty
n=an oily [a]®p +61 = 4° (¢ 0.19, aleohol).n

Anal. Caled for CuHwOs: C, 69.34; H, 7.57.
C, 69.64: H, 7.69.

16-Azaestrone 3-Methy! Ether (XVa).—To a solution of 12.5 g
(0.0362 mole) of XIIIc in 63 ml of benzene was added 12.5 mt of
oxalyl chloride, and the resulting mixture was heated at 65° for
50 min. An additional 6.0 ml of oxalyl chloride was then added
and heating was continued for 30 min. The reaction mixture
was evaporated to dryuess and the residue was crystallized from
ether-hexane to give 11.68 g of crude acid chloride, mp 88.5-92°,
ASEDS 554 and 5.80 w This compound has been described
previously as an oil."

A sohdion of 9.0 g (0.138 mole) of NaN; in 35 mi of water was
added over a 10-min period to a cold ((-3°) solution of 11.38 g
of c¢rude acid chloride in 228 ml of acetone. The mixtire was
allowed to stir in the ice bath for an additional 15 min and was
then diluted with 1 1, of water. The mixture was extracted with
ether and the ether extracts were washed with water, dried (Na,-
80,), and evaporated to give the crude azide XIIId as an oil,
ACHCE 4 67 (sharp) and A5.81 u. A solntion of this azide in 400
mt of benzene was heated nuder reflux for 1 hr at which time the
evolution of gas had ceased. The benzene was then removed
under rediuced pressure to give the crude isocyanate XIV as an
oil, AEHEB 4 40 (broad) and 5.81 u.

A solution of 11.3 g (0.2 mole) of KOH in 11.5 ml of water was
added to a solution of the crude isocyanate in 115 ml of methanol.
The reaction mixture was heated under reflux for 1.5 hr and was
then diluted with 500 ml of water. The resnlting precipitate
was filtered, washed with water, and dried to give 7.53 g (73%
yield from the half-ester XIIIc) of the lactam XVa, mp 210.5-
212.5° (vac).. Crystallization from CH,Cle—ether gave the an-
alvtical sample: mp 211-212° (vac); [«]®p +78.4° (¢ 1.0,

Found:

E~xzymEe INHIBITORS. XV 181

CoH;O0H); aZ% 220 mu (e 8600), 279 (1980), 287 (1780);
ACHC 9 09 and 5.92 w; 1> mp 202-205°, [a]p +70.5° (CIICly).

Anal,  Caled for CulluNOw: G, 7575 H, 8.12; N, 4.01.
Found: C, 75.56; H, 8.15: N, 5.0%.

16-Azaestrone (XVb).—A mixture of 4.0 g (0.014 mole) of
XVa and 80 g (0.79 mole) of pyridine hydrochloride was heated
with stirring at 210° for 40 min in an atmosphere of nitrogen.
The reaction mixture was then cooled and diluted with 600 mti of
2 N HCL The resulting precipitate was filtered, washed with
water, and dried to give 3.40 g of crude product, mp 362-364°
(vac). Crystallization from chloroforin—ethanol gave 1.88 g
of XVb, mp 360-362.5° (vac). A further (.80 g of XVb (mp
362-364°) wax recovered from the mother liguors (total vield,
277 g, 73%). Crystallization from CHCl;~ethanol gave the
analytical sample: mp 362.5-364.3° (vac); [a]®D +82.5°
(c 0.1, C.H;OH); AZE5" 220 mu (e 7500), 280 (2000), 28% (1810):
AR®T2.93, 5.95, and 8.01 pu.

Anal. Caled for Ci:HzNO;: C, 77)24‘ H, 7.80; N, 5.16.
Found: C,75.31; H, 7.78; N, 5.17.

16-Azaestra-1,3,5(10)-trien-3-o 3-Methy! Ether Hydrochlo-
ride (XVI).—A solution of 1.38 g (4.84 mmoles) of XVa in 46 inl
of dry dioxane was added rapidly to a boiling solution of 1.38 g
(36.4 mmoles) of LiAlH, in 46 ml of dry dioxane and the resulting
mixture was heated under reflux for 20 hr in a nitrogen atmos-
phere. Water (7.4 ml) was added slowly to the ice-cold reaction
mixture which was then heated under reflux for 30 min. The
hot mixture was filtered through a bed of Celite, the latter being
washed with hot dioxane. The filtrate was evaporated to dryuess
and the resulting colorless oil was dissolved in benzene and passed
throngh a short column of Florisil. Evaporation of the eluates
gave an oil which was dissolved in CH,Cl,, washed three times
with 2 ¥ HCl, dried (Na.80,), and evaporated. The residue
was crystallized from CH,Cli-ether to give 1.16 g (78¢,) of
XVI, mp 298.5-301° (vac). Crystallization from ethanol gave
the analytical sample: mp 298-301° (vac); [a]®p +76° (¢ (1.5,
ethanol); ASE%% 219 mu (e 8050), 279 (2000), 287 (1810),

Anal.  Caled for CisHaeCINO: C, 70.22; H, 851; Cl, 11.52;
N, 4.55. Fouund: C, 70.25; H, 8.28; Cl, 11.55: N, 4.53.

Acknowledgment.—We are indebted to Dr. Al
Steyermark and his staff for the microanalyses and to
Dr. V. Toome and Mr. 8. Traiman for the ultraviolet
and infrared spectra, respectively.
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Previous studies have shown that 9-(p-bromoacetamidobenzyl)adenine (XVI) and 9-(m-bhromoacetamido-
benzyl)adenine (XVII) are both good reversible inhibitors of adenosine deaminase but that XVI causes an

irreversible inactivation of this enzyme at a much higher rate than does XVII.

In a continuation of studies on the

effect of isomers on the inhibition of adenosine deaminase, a variety of 9-(ortho-substituted benzy1)-6-substituted
purines have been synthesized. These compounds were weaker reversible inhibitors of adenosine deaminase than

was 9-benzyladeniue.

However, 9-(o-bromoacetamidobenzyt)adenine, even though it was a weaker reversible

inhibitor of this enzyme than XVI or X VII, was found to be a good irreversible inhibitor of adenosine deaminase.
Evidence is presented that this irreversible inactivation of adenosine deaminase proceeds through aun initial revers-
ible enzyme-inhibitor complex and not by a random bimolecular reaction between the enzyme and the inhibitor.

Recent studies have shown that 9-(p-bromoacet-
amidobenzyl)adenine and 9-(m-bromoacetamidoben-
zyl)adenine are both good reversible inhibitors of
adenosine deaminase obtained from calf intestinal
mucosa.2~* However, when these compounds were

(1) This investigation was supported by Grant T-337A from the Ameri-
can Cancer Soclety, by a Public Health Service research career program
award 5-K3.CA 18718 from the National Cancer Institute and by Training
(iran). 3 T1 GM 55 from the Division of General Medical Sciences.

(2) H.J. Schaeffer and E. Odin, J, Pharm. Sci., 54, 1223 (1965),

(3) H. J. Schaeffer and E. Odin, J, Med. Chem., 9, 576 (1966).

(4) 11, ). Selineffer and R. N. Johnson, J. Pharm. Sei., 88, 928 (1966).

evaluated as irreversible inhibitors of this enzyme, it
was found that the para isomer was a good irreversible
inhibitor,® whereas the meta isomer was a poor irre-
versible inhibitor of adenosine deaminase.? Since the
chemical reactivity of the meta isomer is greater than
that of the para isomer when 4-(p-nitrobenzyl)pyridine
is used as the nucleophilic reagent,* it would appear
that the differences in the rates at which these two
compounds irreversibly inactivate adenosine deaminase
is due to the difference in the environment on the
enzyme in which the alkylating group of the inhibitor



