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water acidified with a few drops of glacial acetic acid. The
mixture was set aside at room temperature with intermittent
agitation for 2 hr. and filtered, and the filtrate was evaporated
to dryness. The crude aminoguanidine sulfate (3.2 g.) so ob-
tained was dissolved in water, filtered from a trace of insoluble
material, acidified (H,804), and, to the resultant solution,
benzaldehyde (1.59 g., 0.015 mole) dissolved in ethanol was
added. A white solid precipitated which was separated and
recrystallized from isopropyl alcohol and finally twice from water
to yield the product (1.5 g., 29%) as the monohydrate, m.p.
184.5-186°.

1-Benzyi-3-benzylideneaminoguanidine (19),—In a similar
manner l-amino-3-benzylguanidine hydriodide (20.0 g., 0.069
mole) was converted to the sulfate and treated with benzaldehyde.
The benzylideneaminoguanidine sulfate so obtained was con-
verted to the free base by the addition of 409 NaOH. Re-
crystallization from benzene-petroleum ether (60-80°) vielded
pure product (7.3 g., 42%), m.p. 115-119°. The picrate had
m.p. 209-212° (lit.?* m.p. 215-216°).

1-Benzylideneamino-3-(2-chlorobenzyl)guanidine (20).—In

a similar manner l-amino-3-(2-chlorobenzyl)guanidine hydrio-
dide (15.0 g., 0 046 mole) was converted to 20, and the free
base was purified by three recrystallizations from benzene-
petroleum ether; yield 4.3 g. (33%), m.p. 115.5-118.5.°

(23) W. G. Finnegan, R. A, Henry, and E. Lieber, J, Org, Chem., 18, 779
(1953).
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3-Amino-4-[2-(2,6-xylyloxyethyl)]-1,2,4-triazole (14),—A sus-
pension of l-amino-3-[2-(2,6-xylyloxy)ethyl/guanidine hy-
driodide (5.0 g., 0.014 mole) in formic acid (15 ml.) was boiled
under reflux for 2 hr., evaporated to low bulk, diluted with water,
and basified with NaOH solution. Solid separated on standing,
which was filtered off, washed with water, and recrystallized
from n-butyl alcohol, affording the triazole (1.9 g., 599%), m.p.
248-250°.
3-Amino-4-benzyl-1,2,4-triazole (25) and 3-Benzylamino-
1,2,4-triazole.—A. suspension of 1l-amino-3-benzylguanidine hy-
driodide (80.0 g., 0.275 mole) in formic acid (16 ml.) was heated
on the steam bath for 1 hr., cooled, diluted with water, and
neutralized with NaHCO; solution. After standing overnight,
the precipitated solid was separated, washed with boiling water,
and recrystallized from n-butyl alcohol affording 25 (227 g.)
as colorless plates, m.p. 213-215°. From the mother liquors,
more of this compound was obtained (6.7 g., m.p. 212-213°)
and also 3-benzylamino-1,2,4-triazole?* (2.2 g.), m.p. 161-163°
(lit.24 m.p. 164-165°).

Acknowledgments.—Microanalytical data were sup-
plied by Mr. M. Graham of the Analytical Department.
The technical assistance of Mrs. J. Gilder, Mr. G. Perry,
and Mr. M. Dimsdale is also gratefully acknowledged.

(24) M. Pesson and G. Polmanss, Compt. rend., 247, 787 (1958).

Totally Synthetic Steroid Hormones. V.
(x)-2,3-Dimethoxyestra-1,3,5(10)-trien-173-0l and Some Congeners

G. H. Dougras, C. R. WaLg, AND HERCHEL SMITH

Research Division, Wyeth Laboratories Inc., Radnor, Pennsylvania

Received September 8, 1965

(=£)-2,3-Dimethoxy-1,3,5(10)-estratrien-17-one and -178-0l have been totally synthesized from 6,7-dimethoxy-

1-tetralone.

We? have demonstrated the flexibility of our recently
described total syntheses of estrone® by their extension
to a variety of related 13p-alkylgonanes. This paper
describes a further application to compounds of the
(£)-2,3-dimethoxyestra-1,3,5(10)-triene series which
were required for biological evaluation. The project
seemed worthwhile in view of the occurrence of 2-
methoxyestrone as a metabolite of estradiol in man.*

The 6,7-dimethoxy-1-tetralone (I) required as start-
ing material was made, following Haworth and Martin,?
by cyclodehydrating 4-(3,4-dimethoxyphenyl)butyric
acid which was obtained in two stages from veratrole
by a modification of the published method,® or from
3,4-dimethoxycinnamic acid in five stages, by way of
3-(3,4-dimethoxyphenyl)propyl bromide. Both routes
are described in the Experimental Section. The former
is the more efficient.

The tetralone (I) was converted into compounds of
the (=+)-2,3-dimethoxyestra-1,3,5(10)-triene series by
the general methods developed earlier.23 Briefly, initial
reaction with vinylmagnesium chloride in tetrahydro-

(1) Part IV: J. M. H. Graves, G. A. Hughes, T. Y. Jen, and H. Smith,
J. Chem. Soc., 5488 (1964).

(2) (a) H. Smith, et al., Experientia, 19, 394 (1963); (b) H. Smith, et al.,
J. Chem. Soc., 4472 (1964).

(3) G. H. Douglas, J. M. H. Graves, D. Hartley, G. A. Hughes, B. J.
MecLoughlin, J. Siddall, and H, Smith, ¢bid., 5072 (1963), and earlier papers.

(4) (a) 8. Krayehy and T. I'. Gallagher, J. Am. Chem. Soc., 79, 754
(1957): J. Biol. Chem., 229, 519 (1957); (b) J. Fishman, J. Am. Chem. Soc.,
80, 1213 (1958).

(5 R.D. Haworth and C. R, Martin, J. Chem. Soc., 1485 (1932).

Their estrogenic and blood cholesterol lowering properties are recorded.

furan gave the alcohol II which was condensed with
2-methylcyclopentane-1,3-dione to give the seco steroid
IIT and trausformed thence by acid cyclodehydration
to the pentaene IV.® Catalytic hydrogenation of the
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latter over palladized calcium carbonate in benzene
gave the tetraene V which was reduced, first, with
sodium borohydride to the alcohol VI, and then with
lithium in liquid ammonia—aniline to the tricnol VII,
which, on oxidation by chromic acid, gave the tricnone
VIII. An alternative route to this kctone involved
rearrangement of the tetraene Vo owith aleoholic HCT
and catalytic hydrogenation of the resul{ant isomer
IX. Demethylation of the trienone VIIT with molten
pyridine  hydrochloride gave (£)-2-hydroxyvestronce
(X). The stereo structures of compounds V-X are
assigtied by analogy with the stereochemical course
demonstrated  for corresponding  syntheses in the
3-hydroxy- and -methoxyestratricne scriex,?

Biological Activities,—Compounds IV, VII, and V1II
had, respectively, <0.01. 0.03, and 0.497 of the aetivity
of extrone by =ubcutancous adminiztradon in a 3-day
mouse uterine-weight assay.® By the =ame route of
administration the three compounds had  approxi-
mately 16, 100, and 1009 of the activity of estrone in
a 9-day rat blood cholesterol lowering test.>  Consider-
ing the differing biological test procedures used, the
results with compounds VII and VIIT are consistent
with the estrogenie and hypocholesterolemic activities
recorded by Gordon., ef ai.® for the corresponding
{+)-cnantiomorphs.  Compound V had approximately
11¢0 of the antilipemic activity of estrone in o 4-day
assay using cholesterol-fed cockerels.

Experimental Section

Melting points were determined in a Thomas—Hoover eapillary
melting point apparatus and are uncorrected. Proton n.n.r,
spectra were measured at 60 Mc. on the Varian A-60 gpectrom-
eter uging 5-10¢% solutions in CHCl; containing tetramethy-
silane (TMS) ax an internal reference standard. Chemical
shifts are expressed in 7 units measured downfield from the
reference (7 0).

3-(3,4-Dimethoxypheny!)propy! Bromide.-—3,4-Dimethoxyein-
namic acid!® (226 g.) in acelic acid (2 L) containing 10¢%
palladized charcoal (10 g.) was shaken with hydrogen at atmos-
pheric pressure nntil 27 1. had been absorbed. Filtration and
evaporation of the filtrate gave 3-(3,4-dimethoxyphenyl)propionic
acid (226 g.), m.p. 98° (lit.”” 98°). The acid (297 g.) was re-
duced with TiAlH, (43 g.) in ether (2 L) to give 3-(3,4-dime-
thoxyphenyl)propy!l aleohol (150 g.), b.p. 131-145° (0.15 mm. .
Phosphorus tribromide (16.5 g.) was added dropwise with stirring
to the aleohol (25.9 g.) in benzene (33.5 1inl.) at 0°, and the mix-
ture was kept at 65° for 3 hr., cooled, poured onto ice, and ex-
tracted with ether. Distillation of the prodnet gave the bromide
(18 g.), b.p. 115-140° (0.2 mun.), n*'p 1.5535.

Anal.  Caled. for C, H:BrO,: C, 51.0: II, 5.8; Br, 30.8.
Found: C, 530.7; H,5.8; Br, 30.9.

6,7-Dimethoxy-1-tetralone (I), A.-—3-(3,4-Dimethoxybenzi-
vl)propionic acid (156 g., prepared using Fieser and Hersh-
berg’s procedure!?) was reduced by Hnang-Minlon's method?® to
give 4-(3,4~dimethoxyphenyl)butyric acid (125 g.), m.p. 134~
136° (1it.2 135-136°). Theacid (110 g.) was heated on the sieam
bath for 45 min. with PsO; (120 g.) in 805, HyPO, (300 nl.),
and the cooled mixture was poured onto crushed ice. The prod-

(6) This and later raceinic compounsls are depicied Ly the enantiomorys
with the 13-methyl group in the §-configoration.

17) R. A. Edgren, Proc. Soc. Exptl. Biol. Med., 92, 569 (1458).

(8) G. C. Buzby, Jr., R. A, Edgren, J. A. Fisher, G, A. Hughes, R. ¢
Jones, K. Ledig, T. W. Pattison, R. Rees, 1. Smith, I. L. Smith, 1>. ).
Teller, and G. R. Wendy, J. Med. Chem., T, 755 (1064).

(9) 8. Gordon, E. W. Cantrall, W. P, Cekleniak, H. J. Alhers, 3. Maoer,
S. M. Stolar, and S. Bernstein, Steroids, 4, 267 (19641,

710y T. B. Wittmer and L. C. Raiford, J. Org. Chene, 10, 527 (14G45),

(11) K. Kindler and Tsaoping 14, Ber., T4B, 321 (1941).

(12) L. V. Tieser and I. B. Hersliberg, J. Awm. Chen. Sve., 58, 24(14
(1936).

(13) THuang-Minlon, bid., 68, 2487 (1046},
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net was izolated with chitoroform and recry=allized from methyl-
evelohexane to give the tetralone (S0.6 .. m.p. 96 100° 2 Be?
10-100° .

B.--"The 1oregoing hromide (18 g.) waxs rethixed for 3 ko with
nguesinm arnings £2 @) i ether—tetrahydrofnran (150: 100
ml i The coobd mixture was added to solidd CO,, the prodnet
wias extracted with ether, and the ethereal laver exicacted with
107, agueons NaOl Acidifieation gave crnde 4-(3,4-dime-
choxyphenyhibnoyvris acist (7.3 g.) which wax ronverted ax i A
(n 6, 7-dimethoxy-1-tetratone.

2,3-Dimethoxy-8,14-secoestra-1,3,5(10;,9(11 i-tetraene-14,17-
dione (I3, -6,7-Dunechoxy-1-tetralone (6.1 g.) was stirred (or
5 ohre at roon temperninre with vinylmagnesinm vhloride (6.0
g3 1o retrnhydrofuran (90 b)Y, The mixture wox added o
sirated wqneons NHC) ond chen extracted with ether. The
ernde aleobol 11, ebtained atter remnving the ether, was reflnxed
for 5 hir. with 2-merthylevelopentane-1,3-dione ¢4 g.3 in methanol
231 ml emtaining wotrace of KOHL Reervstallizoton of the
prodnet fron imetbhanol gave the dlone (5,45 g3, m.p. 104 1467,
Anae 2H7 a1 310 1w e 15,900 and 820015,

. Caoled, oo Col1n,0 C) 73010 HL, T0L
T LT

¢ +£1-2,3-Dimethoxyestra-1,3,510),8,14-pentaen-17-one (1V .

Iydrochloric acid 10 N) was added dropwise o the dione
T {60 g5 in refluxing methanol (750 b until the <olution jn=:
hecame tibid. The solntdon was elarified with tetrahydrofnran
and allowed 1o vach, The next day the prodiet was filtered off
and remyxiallized fron ethavol to give the pentacnone (58 g0,
nLp. 137140, N 2405 cnd 328 mp Ce 15,300 and 22,0001

daed, Caledl tor CallnOc Co 7730 HL 7000 Tinnd:
TTRU ML T

The ethylene ketal bad wm.p. 113117 (from merhonaly,
N 248 0 0d 326 mg (e 15,100 and 23,600).

Sonl Caled, fr CotleOpr O, 7455, H, T4
450 T4

{=+)-2,3-Dimethoxyestra-1,3,5(10),8-tetraen-17-one (V.-
Catnlytic hydrogenation at atmospheric pressure of the pen-
tnenone IV 12 ¢ in benzene (35 ml) containing 243 palladized
caleiuim enrhonate (0.0 gb gave the tetraenone (1.1 g mp.
158-162° {{rom athunolis A 224, 287, and 306 mu (e 20,400,
10,000, and 941@Q .,

dned, Cuded, T CayHu Oy () 7640
76.6; H, 7.7,

i+ )-2,3-Dimethoxvestra-1,3,5(10,9(11)-tetraen-17-one 1 IX .
~Hydrochtorie acid (10 N, 1 mbL) was added to the tetraenc
Vo2 ¢ in refluxieg methanol-tetrahydrofurnn (25:6 mb.
The soh1tion was refluxed for 15 min. and added, while hot,
satirated aqueoas NaTlCO, (250 b}, and the mixtnre wos ox-
Iracted with ether.  Necrystallization of the prodinet from meth-
anol gove the tetrnenone (015 g): nup. 138-162°%; N 205,
271, and {06 g e 13,800, 12,700, and 7100); wanr, C-11 11
LLY proton das a multiplet, 7 3.89,

Adwal. Coledl for CoHaOy: €0 7629, 1, 7.0
U § s

{ =)-2,3-Dimethoxyestra-1,3,5(10),8-tetraen-173-o0t (VI}.
Sodann bombhydride (2.5 ¢ was added with sthring to the
tetrnene Vo1 @3 in methanol (400 mb).  After stiming for |
b, scetic veid was added and the mixinre was extrncted wih
ether.  Reevystallizatinn of the prodnet from methanol gave the
tetraenol (9.0 g3, nep. 178112, My 282 and 305 mu (e 10,500
and Y2001

Anal. Caled. for CellsQg: €, 76,43 H, 830 Found:
6.2 LS

i =4 1.2,3-Dimethoxyestra-1,3,5(10)-trien-178-ol (VIl).--1lith-
inm (0.2 g wos odded with stirring (o 1he preceding tetraenol
(2.5 hgsid amaonia-aviline (250:12 mb). After =tirring for
1 4 e bine color was discharged by adding a few dimps ol
peetone and the product was worked np in the nsaal mminer aind
recrystallized from metlanol o give the wienol (LT gob nip.
104--TOR% ) N 287 111 Ce 38001,

Anal. Cated, for CupHasO,: €, 70000 M, 8.0,
5.7 H, 9.0,

[ =)-2,3-Dimethoxyestra-1,3,5(10)-trien-17-one (VII), -
Chromie acid? (8 V. 1 ik} was added dropwise to the triencl
VII ] @) inacetone (300 mbe  After 10 min. isopropyl aleohol
i3 ml) wies added and the mixture was evaporated to dryness.
The residie, in ether, wis washed with aqueous NaHCO; pid

Foand: .

Found: €

H, .70 Found: €,

Found: O,

Tonnd:

GV b Baywers, UL Gl laled], 1210 L Jones, and AL Lemng, . Chem,

Socs, 2555 01953),
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water, and dried. Recrystallization of the product from meth-
anol gave the trienone (0.5 g.), m.p. 140-144°, Apax 282-289
mu (e 3250)
Anal. Caled. for CxHxQs: C, 76.4; H, 83, Found: C,
76.2; H,8.1.
The same trienone was obtained by hydrogenation over
10% palladized charcoal in ethanol of the tetraenone IX.
(+)-2,3-Dihydroxyestra-1,3,5(10)-trien-17-one (X).—The
trienone VIII (0.3 g.) was stirred for 30 min. under nitrogen in
molten pyridine hydrochloride at 185-195°. The cooled melt
was added to 3 .V HCl and the mixture was extracted with ether.
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Recrystallization of the product from ether gave the trienone,
m.p. 220-230°, Amax 290 mu (e 4100).

Anal. Caled. for CeH»0s: C, 75.3; H, 7.7. Found: C,
75.1; H,7.5.
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The synthesis and pharmacological properties of some derivatives of imidazo[1,2-a]pyrimidine, }H—imidazo—
[1,2-d]tetrazole, imidazol2,1-b]thiazole, 1H-imidazo[l,2-b]}-s-triazole, and imidazo[1,2-b]pyridazine are de-
scribed. The results have been compared with those obtained under the same conditions with acetylsalicylic

acid, aminopyrine, phenylbutazone, and chlortenoxazine.
the most interesting compounds are 2-(p-methylthiophenyl)-3-(morpho-

or more of the pharmacological tests;

Some members of the series display activities in one

linomethyl)imidazo[1,2-a}pyrimidine (7), 2-(p-methylthiophenyl)-3-[4-(2-hydroxyethyl)-1-piperazinylmethyl]-
imidazo(1,2-u]pyrimidine (8), and 2-(p-methylsulfonylphenyl)-5,6,7,8-tetrahydroimidazo(2,1-bJbenzothiazole

hydrochloride (17).

The first paper in this series? described the synthesis
of a series of substituted imidazo[1,2-a]pyridines ex-
amined for analgesic, antiinflammatory, antipyretic,
and anticonvulsant (muscle-relaxant) activity. The
most active compounds were 2-(p-methylsulfonyl-
phenyl)imidazo[1,2-a]Jpyridine hydrochloride and its
dimethylaminomethyl Mannich base.

In order to study whether modification in the hetero-
cyclic ring might result in a different spectrum or order
of pharmacological activity, we synthesized a series of
new imidazo[l,2-a)pyrimidines (Table I) which are
closely related to the compounds described in the first
paper. Other heterocyclic derivatives of imidazole
were also synthesized (Table II) in order to extend the
pharmacological screening to imidazo derivatives with
an atom of nitrogen in angular position, Since earlier
studies? have shown that substitution in R with a
methylsulfonyl group seemed to be necessary for a
broad spectrum of activity, this group was kept con-
stant in these compounds.

Substituted 2-arylimidazo[1,2-a]pyrimidines (1-5)
were prepared by condensation of 2-aminopyrimidine
and 2-amino-d-methoxypyrimidine? with w-bromoaceto-
phenones, substituted in the para or ortho position with a
methylthio, methylsulfoxy, or methylsulfonyl group.?
Mannich bases 6-13 were obtained in acetic acid as pre-
viously described for imidazo{1,2-a Jpyridines.?

2-(p-Methylsulfonylphenyl)-1H-imidazo[1,2-d tet-
razole (14) was obtained from 5-amino-1H-tetrazole
and w-bromo-p-methylsulfonylacetophenone. Other

(1) To whom all inquiries concerning pharmacology should be sent.

(2) L. Almirante, L. Polo, A. Mugnaini, E. Provinciali, P. Rugarli, A.
Biancotti, A. Gamba, and W. Murmann, J. Med. Chem., 8, 305 (1965).

(3) H. Priewe and K. Gutsche, German Patent 1,145,622 (1963).

products reported in Table II (15-22) were prepared
by the same method, starting from 2-aminothiazole,
2-amino-4,5,6,7-tetrahydrobenzothiazole,* 2-amino-5,6-
dihydro-4H-cyclopentathiazole,* 3-amino-1,2 4-triazole,
3-aminopyridazine, 3-amino-6-chloropyridazine, and 3-
amino-6-methoxypyridazine, respectively.

The rings of imidazo[1,2-b]pyridazine,> 1H-imidazo-
[1,2-b]-s-triazole, and 6,7-dihydro-5H-imidazo[2,1-b]-
cyclopentathiazole are not recorded in “The Ring
Index.”’®

Pharmacological Studies.—LD;; values in mice were
determined, and analgesic, antiinflammatory, anti-
pyretic, and anticonvulsant activities were investigated
in several basic screening procedures as previously
described.? The pharmacological results are presented
in Table III as are the results of the standard drugs
(acetylsalicylic acid, aminopyrine, phenylbutazone,
and chlortenoxazine) and the most active compound
of the earlier series (2-(p-methylsulfonylphenyl)imid-
azo[1,2-aJpyridine hydrochloride) for comparison.

Analgesic Activity.—Among the 22 compounds ex-
amined, significant analgesic activity was displayed
only by the 2-phenylimidazo[1,2-a]pyrimidine analogs.
Although several compounds of this series showed anal-
gesic properties in one or more of the tests employed,
this effect was accentuated in those substances where R
= 0-80,CH; (1) and p-SOCH; (3). Introduction of a

(4) H. Erlenmeyer and W. Schoenauer, Helv. Chim. Acta, 24, 172-9E
(1941).

(5) After the termination of this paper we had notice of the preparation of
similar compounds by F. Yoneda, T. Otaka, and Y. Nitta {Chem. Pharm.
Bull. (Tokyo). 12, 1351 (1964): Chem. Abstr., 62, 52737 (1965)].

(6) A. M. Patterson. L. T. Capell, and D. F. Walker, “The Ring Index,”
American Chemical Society, Washington, D. C., 1960; Supplements, 1963
1964.



