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action was allowed to proceed for an additional 13 min. at which
time the solution was colorless. After addition of 7 ml. of meth-
anol the NH; was evaporated using a water bath at a temperature
of ~40°. The solution was then further concentrated in vacuo,
and 50 ml. of water was added to the gummy residue to yield a
powdery precipitate which was separated by filtration. Crystal-
lization from petroleum ether and ether afforded 1.175 g. of 1,
m.p. 123-134°. Further recrystallization from the same sol-
vents yielded a sample for analysis: m.p. 134-136°; ap +46°;
ultraviolet AL2* 260 my (e 300), 276 mu (e 210).

Anal. Caled. for CsHuO:: C, 80.24; H, 8.51. Found: C,
80.06; H, 8.55.
TaBLE 1
Oral
gonadotrophin
inhibition* Proges-
(parabiotie tational
Compd. rats) activity?
17 @-Chloroethynyl-4-
estren-178-ol-3-one¢ 1 14
17 a-Chloroethynyl-5(10)-
estren-178-o0l-3-onec 1.2 0.03¢
17 «-Chloroethynyl-4,9(10)-
estradien-178-0l-3-one® 2.5 24
111 0.2 0°
11 o/ 0°

a J. A. Epstein, H. 8. Kupperman, and A. Cutler, Ann. N. Y.
Acad. Sci., 71, 560 (1958). °® M. K. McPhail, J. Physiol., 83,
145 (1934). < Ref.1. @ Oral. ¢ At 300 v/kg.s.c. 7 At 400 ys.c.
¢ At 50 v/kg. s.c.

3-Methoxy-2,5,7,9-estratetraen-17-one.—A solution consisting
of 255 mg. of I (m.p. 129-136°), 306 mg. of freshly distilled alu-
minum isopropoxide, and 13 ml. of dry toluene was heated for 5
min. on the steam bath under an atmosphere of nitrogen. The
solution was cooled in ice and 2.6 ml. of distilled cyclohexanone
was added. The solution was again heated on the steam bath
under nitrogen for 40 min. and cooled in ice. A saturated
aqueous solution of Rochelle salts was added with vigorous shaking
and the product separated with ether. After evaporation of the
ether the remaining solution was steam distilled. The residue
was extracted with ether, dried (MgSQ4), and concentrated to
yield 210 mg. of the product, double m.p. 115-130°, 167-177°.
Several crystallizations from methanol and finally from ether
afforded a sample for analysis; m.p. 148-153; «D +72°; ultra-
violet Apax 269 mu (e 300), 276 mu (e 230).

Anal. Caled. for C1sH0,: C, 80.81; H, 7.853.
80.90; H, 7.61.

17 «-Chloroethynyl-3-methoxy-2,5,7,9-estratetraen-173-ol (II).
—A solution of ¢is-1,2-dichloroethylene in 15 ml. of sodium-dried
ether was added to a stirred solution consisting of 6.0 ml. of 1.30
N methyllithium in 15 ml. of sodium-dried ether maintained
under an atmosphere of nitrogen and cooled by an ice bath.
Stirring was continued for an additional 20 min. after removal
of the ice bath, followed by the dropwise addition of 732 mg. of
3-methoxy-2,5,7,9-estratetraen-17-one in 80 ml. of sodium-dried
ether over a 15-mim. pertod. After an additional hour the reac-
tion mixture was poured into ice water and ether. The ether
layer was separated, washed with water, dried (K,CO;), and
concentrated in vacuo to yield 620 mg. in two crops, m.p. 114—
119° and 111-116°. A sample for analysis was crystallized three
times from ether; m.p. 122-125° (sealed evacuated capillary);
ab —92°; ultraviolet Apax 269 mu (e 450), 275 mu (e 400).

Anal.  Caled. or CaHaClO:: C, 73.57; H, 6.76; Cl, 10.34.
Found: C, 73.27; H, 6.75; Cl, 10.28.

17«-Chloroethynyl-5,7,9-estratrien-17 3-0l-3-one  (I11).—
A solution consisting of 352 mg. of II, 35 mg. of p-toluenesulfonic
actd, and 20 ml. of acetone was stirred at room temiperature for
1 lir., diluted with ether, and washed with aqueous NaHCO;
solution. The ether solution was dried (K;C(0);) and concentrated
to yield 251 mg. of I1I, in.p. 165-178° with slight decomposition.
A sample for analysis was recrystallized three times from ether;
m.p. 173-179°; ap —102°; ultraviolet Auax 270 mu (e 520), 307
my (e 220).

Anal.  Caled. for CoHuClO,: C, 73.05; H, 6.44; Cl, 10.78.
Found: C, 72.74; H, 6.43; Cl, 10.79.

Found: C,
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A-Nor Oxa Steroids!
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Although the introduction of an oxygen atom into
the steroid nucleus has attracted the attention of
chemists for several decades,? it was only recently that
the synthesis of 17-oxa-5a-androstan-3-one was re-
ported.? This represents the first example of a steroid
analog in which oxygen has been inserted into a five-
membered ring. Since a ring A oxa steroid (178-
hydroxy-17 e-methyl-2-oxa-5a-androstan-3-one)*  has
been demonstrated to be a potent anabolic agent, the
synthesis of an A-nor steroid bearing an oxygen atom
in ring A appeared an attractive target both from a
chemical and biological view.

A-nortestosterone (I)® was hydroxylated with osmium
tetroxide in pyridine to give A-norandrostan-2-one-
36,58,173-triol (II).% Periodic acid oxidation of glycol
II gave a product whose infrared spectrum exhibited a
single carbonyl band at 5.73 u indicating that the lactol
III and not a keto acid had been obtained. This lactol
had been previously obtained in low yield by ozonation
of 2-hydroxymethylenetestosterone.”

Sodium borohydride reduction of III gave 2,5-seco-
3,4-bisnorandrostane-53,178-diol-2-oic acid (IV) as the
major product. The assignment of configuration was
based on the fact that sodium borohydride reduction
of an unhindered ketone yields the equatorial isomer as
the predominant product.® It is noteworthy that a
similar reduction of a six-membered ring A steroidal
lactol leads directly to the lactone via cyclization of the
hydroxy acid.®

Efforts to prepare the vy-lactone by heating IV in
refluxing hydrocarbon solvents (benzene, toluene, or p-
cymene) were unsuccessful leading in each case to re-
covered starting material. Lactonization was ulti-
mately achieved by treatment of IV with acetic anhy-
dride containing sodium acetate to afford 3-oxa-5a-A-
norandrostan-2-on-178-ol acetate (V). The n.m.r.
spectrum of V exhibited a quartet centered at 7 6.16 for
the axial proton at C-5.%°

The reduction of lactone V with lithium aluminum hy-
dride in ether gave 2,5-seco-3,4-bisnorandrostane-2,58,-
178-triol (VI). Direct reduction of V to an ether using
lithium aluminum hydride and borou trifiuoride'® was
unsuccessful. The failure of a y-lactone to be reduced
to its corresponding ether under these conditions has
been observed previously.?

(1) Presented at the 4th Annual Metropolitan Regional Meeting at
Stevens Institute, Hoboken, N. J., Feb. 1, 1965,

(2) See L. Tokes in ""Steroid Reactions,” C. Djerassi, Ed., Holden Day,
Inc., San Francisco, Calif., 1963, pp. 459~502, for references in this area.

(3) 8. Rakhit and M. Gut, J. Org. Chem., 29, 229 (1964).

(4) R. Pappo and C. J. Jung, Tetrahedron Leiters, No. 9, 365 (1962).

(5) T. L. Weisenborn and H. E, Applegate, J. Am. Chem. Soc., 81, 1960
(1959).

(6) S. D. Levine and P. A. Diassi, J. Org. Chem., 30, 1325 (1965).

(7) F. L. Weisenborn, D. C. Remy, and T. L. Jacobs, J. Am. Chem. Soc..
76, 555 (1954).

(8) D. H. R. Barton, J. Chem. Soc., 1027 (1953).

(9) (a) N. W. Atwaterand J, W. Ralls, J. Am. Chem. Soc., 83, 2011 (1960);
(b) E. Caspi, W. Schmid, and B. T. Khan, J. Org. Chem., 26, 3898 (1961).

(10) G. R. Petit and T. R. Kasturi, tbid., 28, 875 (1960).
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The desired A-nor oxa steroid was obtained by treat-
ment of triol VI with p-toluenesulfonyl chloride in
pyridine and acetylation to provide 3-oxa-3a-A-uor-
androstan-17p-ol acetate (VII). Hydrolysis of V11
with potassium carbonate in methanol gave 3-oxa-5a-
A-norandrostan-17g-ol (VIII),

Biological Activity.!’—When assayed in the immature
castrate male rat, a daily subcutaneous dose of 1 mg.
day/rat of VII was approximately as effective as a
similar dose of A-norprogesterone in inhibiting the
hypertrophy of sex accessory organs induced by tes-
tosterone propionate.!? At this dose, VII was inactive
as an androgen.

Vil VI

Experimental

Melting poiunts were taken on a Fisher-Johms melting point
apparatus and are uncorrected. Values of [«)p have been ap-
proximated to the nearest degree and were taken on a Perkin-
Elmer 141 polarimeter in 959, ethanol. Infrared spectra were
determined on a Perkin-Elmer 21 spectrometer in pressed potas-
sium bromide pellets and n.m.r. spectra ou a Varian A-60 spec-
trometer in CDCl; with (CHj;).81 as internal standard.'3

3-Oxa-A-norandrostane-5,173-diol-2-one (Ill).—A solution of
periodic acid (3.9 g.) in water (10 ml.) was added to & solution of

(11) 1 wish to thank Dr. L. Lerner of our Endocrine Research Department
for the biological results, wiich will be published in detail elsewhere.

iy L. J. Leyner, AL Bianehi, and AL Boman, Peocs Spe. el Bod.
Med., 103, 172 (1060).

(13) I wish to thank Dr. A. [. Colien for the n.nr spectra.
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A-norandrostan-2-one-38,68,178-triol (11,5 1.93 g.) in pyridine
(10 ml.) and methanol (80 ml.), and the reaction mixture was
left at roomn temperature for 16.3 hr. The reaction mixture wns
evaporated in racuo to near dryvuess, and the residue was diluted
with water and extracted three times with CHCl,.  The chloro-
form extracts were extracted three thumes with a saturated
NaHCO; solution. The aqueous phase was acidified and ex-
tracted four times with ethyl acetaie. The ethyl acetate cx-
tracts were washed with an 8¢, salt solution, dried {Na.Q0.),
and evaporated dn vacno. Crystallization of e residue from
ether-ethyl acetate gave 117 (1.14 g3 nLp. 1831847,

2,5-Seco-3,4-bisnorandrostane-53,17 3-diol-2-oic Acid (1V .
A soiution of  3-oxa-A-norandrostane-5,17g-diol-2-one (113
(246 g.) m 2 N NaOH solutton (5 wl.) and methanol (175 ml.:
was stivred with a solntion of NaBHi (1.9 ¢ in water 125 ml»
atl roont temperature for 4 he. The reaction mixture was diluted
with water and neidified with HC'L. The precipitate was collected
by filtration to give TV (2.09 g.0, m.p. 199-201°.  The filtrate
was extracted twiee with ethyl acetate. The ethyl acetate
stracts were washed with an 8, salt soluvion, dried (Na.=O,,
and evaporated o dryness in vaoro. Crystallization ol the
residue from methanol-sopropyl ether afforded additional 1V (128
mg.), mep. 20222057 The analytieal gample was prepared by
recrystallization from methanol-isopropyl ether and had wp.
205-204°0 {al®n 200270 A 3.03 (OHG 3.80 (sho, and 5097
-COH

Jdnal, Caled. Tor Gy a0, O
65.81; 1L, 9.54.

3-Oxa-5«-A-norandrostan-2-on-173-0l Acetate (V). -A uux-
ture of 2,5-seco-3,4-bisnorandrostane-538,17 3-diol-2-ot¢ wetd {1V}
(400 mg.) and sodium acetate (100 mg.) in acetic anhydride (5
k) was refluxed for 4 hr.  The reaction niixture was poured into
tee-water and extracted three times with ethyl acetate.  The
ethyvl acetate extracts were washed withh an 8 =alt solution,
dried {Nua.S0):), and evaporated to dryness i racuo.  Crystal-
lization of the residue from isopropyl ether guve V (305 mg.,
n.p. 166-168°.  Recryatallization from tsopropyl ether gave
the wnalytical sample:  nnp. 168-169°; [a!*b 5-64°0 N 5.65
(lactoney and 5.80 g (acetate); = 919 (&, 18-Me), 9.01 (s, 19-3e).
706 (8, 17-ncetate), aud 6.16 (L, 4.3 ep.s., 115 c.ps, 5-1H0.

Jdnal. Caled. for O HaOy: ) 71220 HL 8210 Pound: €
7141 H, .86,

2,5-Seco-3,4-bisnorandrostane-2,53,173-triol (VI).-—-A soln-

tion of 3-oxa-Be-A-norandrostan-2-on-178-0l acetate (V) (300
mg.) in ether (20 ml.) was added to a stirred suspension of Li-
AlH; in ether (75 ml.) over a 10-min. period. The reaction mix-
ture was then refluxed for 24 hr., diluted with ether (saturated
with water), and treated with a 57 HCl solution. The aquenus
phase was extracted four times with CHCI; and faur times with
etliv]l acetate. The combined organic layers were washed with
an 87 salt solution, dried (Na.S0s), and evaporated (v vacuo
to give VI (135 mg.), w.p. 250-253°.  Recrystallization {rom
methanol-isopropyl ether gave the analytical sample, m.p. 253+
254°, [o]%p +20°, A 310« (OH).

Anal. Caled, for CpHagQyg: o O
O, 72420 H, 1057,

3-Oxa-5u-A-norandrostan-173-ol Acetate (VII). - A solution
of  2,5-seco-3,4-bisnorandrostane-2,58,178-triol (V1) (1.11 .}
in pyridine (25 ml.) was treated with p-toluenesulfonyl chloride
(1.4 g.j and left at room temperature for 20.5 hr., and then
warmed on o steam bath {or 3 hr. The reaction mixture was
poured into ive-wuter and extracted three thnes with chloro-
form. The CHCY; extracts were washed with 2 N HC, saturated
NaHCUy solution, 8¢, salt solution, dried (Na.S0,), and evapo-
rated in vacwo to give a 1.51-g. residue.  Plate chromatography
of the residue using Woelm neutral slumina (activity Vo oas
adsorbent and CHCL; ag the developing solvent gave a major
band at eca. K¢ 0.5, which was detectable by 1odive vapor. Flu-
tion with ethyl acetate gave a 5380-mg. residue which was acetyi-
ated in acetic anhydride (2.5 ml.) and pyridine (0.25 ml.) at romn
temperature for 13.5 hr.. poured into ice-water, and extracted
three times with ether. ‘The ether extracts were washed with o
saturated NaHCO; solution and 877 salt solution, dried (N30,
and evaporated in racue to afford & 624-mg. residue. Plate
cliromatography of the residue as described above using hexane
chlorofornt (4:1) gave 1 major band at ca. Ry 0.5, which was
elnted with ethy] ncetate to afford a residie, which upon crystal-
lizaition frow petrolevm cotlier thope 30 75°) vielded VIT (401
g, e LIRS 110.5°, Reerystallization from petroleun echer
gave the analytical sample: mup. PISS110.6°: Tof®n 41570

GRN0: M, 0520 Tound: )

250 M, 1051 Fonnd:
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5.77 u (acetate); 7 9.18, 9.17 (8,8, C-18 Me or C-19 Me), 7.96 (s,
17-acetate), 6.94 (d,d, 3.5 c.p.s,, 12 c.p.s, 5-H), and 5.39 (m,

17-H).
Anal. Caled. for C1sHx0;: C, 74.47; H, 9.87. Found: C,
74.46; H, 9.84.

3-Oxa-5-A-norandrostan-173-ol (VIII).—A solution of 3-
oxa-5a-A-norandrostan-178-ol acetate (VII) (200 mg.) in meth-
anol (20 ml.) was treated with a 109, K,CO; solution (2 ml.)
and stirred at room temperature for 1 day. The reaction mix-
ture was concentrated on a steam bath and diluted with water,
and the precipitate was collected by filtration and dried in vacuo
at 60° for 1.5 hr. to give VIII (170 mg.), m.p. 138-141°. Re-
crystallization from hexane gave the analytical sample, m.p.
143.5-145.5°, [«]??D +25°, A 3.04 u (OH).

Anal. Caled. for C7HO0,: C, 77.22; H, 10.67. Found: C,
77.19; H, 10.68.

Synthesis of Potential Antidiabetic Agents.
1-p-Tolylsulfonyl-2-benzimidazolinones and
1-p-Tolylsulfonyl-2-benzimidazolinethiones

JounN B. WRIGHT

Research Laboratories of The Upjohn Company,
Kalamazoo, Michigan

Received November 11, 1964

During the course of some continuing work! in these
laboratories on antidiabetic compounds we were in-
terested in investigating some p-tolylsulfonylbenzimida-
zolinones of the general type I. These may be looked
upon as p-tolylsulfonylureas of the tolbutamide-type
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R\@[NOZ
NH, R NO,
R=H, CH;, Cl pyridine @NH
+ 2-CH3C6H,S0,Cl l
SOz‘QCH3
CHr@- SO,Cl
v
H, l Pd
R NH R NH,
1 CS,
C=8 KOH \C[
N — NH

l |
oron Do

11X A%
lCOClz
a,R=H
b, R=CHs 1
¢, R=Cl

moniacal solution. The N-¢-aminophenylsulfonamides
(V) were converted to their hydrochlorides in aqueous
dioxane by the addition of an equivalent amount of
hydrochloric acid. The resulting solution upon satura-
tion with phosgene gave the desired 1-p-tolylsulfonyl-
benzimidazolinones (I) in good yield. Treatment of the
aminosulfonamides (V) with carbon disulfide in
ethanolic potassium hydroxide solution gave the corre-
sponding 1-p-tolylsulfonylbenzimidazolinethiones (III).

When tested in glucose-primed intact rats the benz-
imidazolinones (I) and benzimidazolinethiones (III)

(II, R = n-C;H,) in which a phenyl ring is fused to the showed practically no blood sugar lowering activity.2
TaBLE 1
ProreRTIES OF COMPOUNDS PREPARED
Method of Yield, Recrystn. Caled., % Found, H-————

No. prepn. % solvent® M.p., °C. Formula C H N S C H N S
Vb A 66 F 135-137 C1H)sN-0,8 60.85 5.84 10.14 11.60 60.56 5.88 9.86 11.26
Ib B 78 E 263-265 CisHiN:058 539.59 4.67 9.27 . 539.38 4.34 9.27 s
IIib C 62 E  148.5-130 C1:H1sN20,S, 56.58 4.43 8.8 20.14 56.48 4.75 8.81 19.92
IVe D 81 G 107.5-109.0 Ci:HuCIN:O,8  47.78 3.39 ...t 9.81 47.79 3.17 ...* 10.10
Ve A 19¢ H 129.5-131 Ci:HCIN:0.S  52.61 4.42 9.49 10.80¢ 533.06 4.53 9.21 10.80¢
Ic B 60 E 232-233 CuHuCIN,0;S 52,10 3.44 8.68 9.93¢ 52.35 3.21 8.43 9.74¢
Iiic C 59 J 142 .5-143.5 C1H 1 CIN,0,S, 8.29 18.92 7.98 18.88

«F = 909, ethanol, E = ethanol, G = 2-propanol, H = benzene, J = 209, ethanol. ? Caled.: Cl, 10.85. Found: Cl, 10.55.

c A 1.5 N NH.OH solution was used instead of 59, NaOH solution.

Found: ¢}, 10.58.

0

Il
CHsO- SO.NHCNHR

11

R=H,CH,, Cl

N-1 and N-2 urea nitrogens. Compounds of this
type were prepared as outlined below.

Treatment of the requisite o-nitroanilines with p-
toluenesulfonyl chloride in refluxing pyridine gave the
sulfonamides (IV) in excellent yields. Reduction of
the nitrosulfonamides (IV) to the o-aminosulfonamides
(V) was effected in good yield with hydrogen and
palladium-on-charcoal catalyst in alkaline or am-

(1) J. B. Wright and R. E. Willette, J. Med. Pharm. Chem., §, 815 (1962).

4 Caled.: C}, 11.95. Found: C} 11.36. ¢ Caled.: Cl, 10.98.
Experimental?*
N-p-Tolylsulfonyl-o-phenylenediamine (Va). Method A.—

A mixture of 14.6 g. (0.05 mole) of N-p-tolylsulfonyl-o-nitroani-
line® and 300 ml. of 59, NaQH solution was hydrogenated at 3.1
kg./cm.? using 1 g. of 109, palladium-on-charcoal catalyst. The
catalyst was removed by filtration and washed with a 59, NaOH
solution. The filtrate was acidified with acetic acid and the
precipitate was filtered and recrystallized from benzene. There
was obtained 6.24 g. (48%) of tan needles melting at 141-142°.
Anal.  Caled. for CisHuN,0:8: C, 59.52; H, 5.38; N, 10.68;
S,12.22. Found: C, 59.68; H, 5.00; N, 10.32; S, 12.23.
1-p-Tolylsulfonyl-2-benzimidazolinone (Ia). Method B.—
To 3.94 g. (0.015 mole) of N-p-tolylsulfonyl-o-phenylenediamine

(2) TFor these biological results we are indebted to Dr, William E. Dulin
and co-workers of these laboratories.

(3) All of the melting points reported are uncorrected for stem exposure.

(4) We are indebted to Dr. Robert Rinehart and co-workers for the
microanalytical data and for infrared and ultraviolet spectral studies. We
are especially indebted to Mr. Albert Lallinger for technical assistance.

(5) F. Bell and P. H. Robinson, J. Chem. Soc., 1127 (1927).



