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Toxicity data i1 mice with six daily intraperitoneal
imjections show that 7 killed two of three mice at 2.5
mg/kg, 1 killed three of three mice at 2.5 mg/kg, and
6 killed three of three mice at 5 mg/kg. These are.
thus, fairly toxie compunds, considerably more so than
the corresponding aziridineacetyl derivatives.’
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3,11-Dihydroxyestra-1,3,5(10)-trienes have beeu pre-
viously obtained from steroidal 11-oxygenated 1,4-
dien-3-oues by pyrolysis in low vield.! A new and
couvenient synthesis of 118-hydroxyestrone (4b) from
androsta-14-diene-3,17-dione  (la) is now reported.
The availability of 118-hydroxyvestrone made it suitable
for conversion to derivatives which nmay be of bi-
ologieal interest, aniong them the 16- aud 17-hydroxy-
lated estratrienes.?

The recent discovery of the reductive aromatization
of steroidal 1,4-dien-3-ones® was applied to the 11-
hyvdroxydienones 2b and 3. When 1la or 1b was re-
fluxed with p-toluenesulfonic acid and ethyvlene glycol
in benzene, 2a and 2b were obtained, respectively.
Sclective reduction of the C-11 ketone 2a with lithium
tri-t-butoxyaluminum hvdride vielded 3. Reductive
aromatization of 3 with loss of the angular methyl
group to 4a proceeded i vields up to 729. Hy-
drolysis of 4a gave 4b. In contrast to the reductive
aromatization of 3, the 1le-hydroxydienone 2b was
reduced to a product in which the rupture of the bond
between carbon atoms 9 and 10 had probably occurred.
Tividence for this conclusion wasg obtained from the
wmar speetrum of the erude product which exhibited
peaks for a methyl group and three hydrogens on a
benzene ring.

When 4b was heated with acetic anhydride and pyr-
idine, the diacetate 4¢ was obtained which upon
treatment  with  p-toluenesulfonic acid and isopro-
penyl acetate vielded 5. The enol acetate 5 was con-
verted with lead tetraaccetate hn acetic aecid to a niix-
ture of 16-acetoxy 17-ketones in which the 168 igoner
6a wis preponderant.t Reduction of 6a with Lithium

i1y B Magerlein and 1 AL Noge, J. Ao Chem, Soe., 80, 2220 (145%;.

121 Sterobds bydroxylated w1 C211 o <16 mav Le metabolites of 1he
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olisin of Rceroid 1ormones,” Academic Press Ine., New York, N. Y., 1964,
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Soc., 86, TH2 (1964),

WO R Biggerstalf and T, 17, Gallagber, J. Ory. Chem., 22, 1220 (1955).

Nores

Yol. 10

tri-t-butoxyvaluminum hydride followed by hydrolysis
with aqueous potassium hydroxide gave 6¢.  Tividence
for the e¢is configuration of the 16.17-glveol 6e was
furnished when it was monomethylated to 6d which
then wax converted to the acetonide derivative 7.
Lithyuyvlation of 4b and 4d with lLithham acetviide
cthyvlenediamine complex in dimethyt sulfoxide vielded
the T1a-hyvdroxyethyvnyvlestradiol 8a and its 3-methyl
cther 8b, respectively.

Biology.- - C'ompounds 6¢ and 8a had 0.05 and 3 the
activity of estrone, respectively, when administered by
mjection in the mouse uterine growth assay.® Con-
pound 8a prodiced no decidual cell formation” in the
Inmmature fernle rabbit when treated by injection nt
10 g, dayv.®

x HC
H.C

O

4a, R=R’'=H; X =0OCH,CH,0 3
b, R=R'=H,X=0
¢ R=R'=A¢;;X=0
d. R=CH; R'=H;X=0

i

. _OH
A0 o OAc HO H.C

6a R=R'=A¢gX=0y 7
b, R=R'= Ac;x=<g
¢ R=R'=H; X=<?{H
_OH

d. R=CH; R =H:X =
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Experimental Section?

17-Ethylenedioxyandrosta-1,4-diene-3,11-dione (2a).—A mix-
ture of 2.3 g of la (Upjohn Co.), 200 mg of p-toluenesulfonic
acid hydrate, 1.5 ml of ethylene glvcol, and 200 ml of benzene
was refluxed using a Dean-Stark trap for 2 hr, then cooled, washed
with aqueous Na,COj; solution, dried (MgS0,), and distilled to
dryness. Tituration of the residue with ether yielded 1.75 g of
crude product, mp 216-218°. Crystallization of the crude
product from CH,Cl, and MeOH gave an analytical sample,
mp 212-214°, [a|D +144°,

Anal. Cacd for CaHy04: C, 73.66; H, 7.66.
73.89. H, 7.72.

17-Ethylenedioxy-11a-hydroxyandrosta-1,4-dien-3-one (2b).
—When 41 g of 1b was converted to 2b in the manner described
for the preparation of 2a, 45 g of crude product, mp 230-235°,
was obtained. Recrystallization of the crude product from
acetone and hexane gave an analytical sample mp 238-240°,
[a]D —8.5°.

Anal.  Caled for CaHxO4s: C, 73.22; H, 8.19.
73.49; H, 8.28.

17-Ethylenedioxy-113-hydroxyandresta-1,4-dien-3-one (3).—
A solution of 500 mg of 2a and 1 g of lithium tri-¢-butoxyaluminum
hydride in 20 ml of THF was stirred for 1 day. To the solution
was then added successively, with vigorous stirring, 20 ml of
THF, 10 ml of ether, 0.1 ml of H,O, 0.1 ml of 209}, aqueous NaOH
solution, and 0.5 ml of H;O. After 10 min the alimina was
separated by filtration and washed with CHCl;. The filtrate
was stirred with 1 g of MgSO,, filtered, and distilled to dryness.
The residue when triturated with ether yielded 300 mg of crude
product. Crystallization of the crnde product from acetone and
hexane gave an analytical sample, mp 203-204°, Amax 2.90 g,
Amax 237 mu (e 14,050), {a]p +43°.

Anal. Caled for CaHyO4: C, 73.22; H, 8.19.
73.44; H, 8.31.

17-Ethylenedioxyestra-1,3,5(10)-triene-3,113-diol (4a).—7To
a mixture of 41.8 g of Li dispersion in wax (30%), 125 g of bi-
phenyl, 68.5 g of diphenylmethane, and 1200 ml of THF was
added with vigorous stirring at reflux over a period of 35 min,
a hot solution of 100 g of 3 in 850 ml of THF. The solution was
refluxed an additional 10 min, and then 35 ml of MeOH was
added very slowly and carefully. Then 80 ml of H:O was added
slowly and carefully followed by another 400 ml of H.O.
The THF was removed from the mixture by distillation in vacuo.
The mixtnre was cooled and extracted with 800 ml of benzene—
hexane (3:1). The organic layer was extracted with four 200-ml
portions of 59, aqueous KOH. The combined aqueons extract
was washed with 300 ml of hexane and then added dropwise with
vigorons stirring to a slurry of 200 ml of AcOH, 200 ml of H,0,
and 200 ml of ice. The temperatnre of the aqueous mixture was
maintained at 10° by the addition of ice. The crystalline precipi-
tate was collected by filtration, washed with H;O, and dried in
vacuo. The crude product weighed 49-86 g and melted at 105—
110°, Crystallization of the crude product from acetone and
hexane yielded 37.5-69 g (39-729;) of 4a, mp 185-191°. Re-
crystallization of the crude product from acetone and hexane
gave an analytical sample: mp 192-193°; Apax 280 mpu (e 1915);
Amax 2.74, 2.96, 6.21, and 6.31 p; nmr peaks at 67.5 (C-13 methyl),
234 (C-17 ethylenedioxy), and 285 (multiplet, C-11 hydrogen)
cps.

Anal. Caled for CoHsOs: C, 72.70; I, 7.93.
72.54; H, 7.99.

When 9.0 g of 2b was reduced according to the procedure de-
scribed for the preparation of 4a nsing proportionate amounts of
reagents, the amorphous prodnet, obtained during the acidifica-
tion of the phenol salt with AcOH, was extracted into CHCl,.
The CHCI; solution was washed with aqueons NaHCOj; solution,
dried (MgSO,), and distilled to dryness. The residue, an amor-
phous product, exhibited maxinia at 2.74, 2.95, and 6.19 u in its
infrared spectrnm, and peaks at 51 (C-13 methyl), 130 (methyl
on aromatic ring), 233 (17-ethylenedioxy), and 394420 (multi-
plets, three hydrogens, C-1, -2, and -4 hydrogens on aromatic
ring) cps.

Found: C,

Found: C,

Fouwnd: C,

Found: C,

(8) The author wishes to thank Dr, R. T. Dillon and staff for the analyses,
spectra, and rotations, and Dr, E. G. Daskalakis and staff for the chroma-
cography reported. The infraved spectra and rotations (19 solition) at 25°
were deterinined in CHCk. The nmr spectra were determined in CDClz on
a Varian Nodel A-60 spectrometer at 60 Mc with MesSi as an internal
standard. The melting points are corrected. The ultraviolet spectra were
determined in MeOH.,
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3,113-Hydroxyestra-1,3,5(10)-trien-17-one (4b) and 113-
Hydroxy-3-methoxyestra-1,3,5(10)-trien-17-one (4d).—To a hot
solution of 10 g of 4a in 100 ml of MeOH was added 50 ml of
0.4 M HCl After 15 min the mixture was concentrated by
distillation and then diluted with 100 ml of H,O. The precipi-
tate was collected by filtration and dried. The crude 113-
hydroxyestrone weighed 9.0 g; mp 253-256° (lit.! mp 254-277°);
Amax (KBr) 2.81, 2.90, 3.03, 5.76, 6.16, and 6.29 4; Amas 280 mpu
(e 1730).

When 4b was methylated according to the procedure described
for the preparation of 6d, a 909 yield of 4d, mp 168-169° (lit.!
mp 169-170°), was obtained.

3,113-Diacetoxyestra-1,3,5(10)-trien-17-one (4¢).—Ten grams
of crude 4b was acylated with pyridine and Ac,O at 100° for 2 hr
to yield 10 g of crude diacetate, mp 148-162°, Crystallization
from MeOH and CH.Cl, gave an analytical sample: mp 162-
163°; [a]p —18°; nmr peaks, 11.5, 136.5 (acetate bands), and
350-360 (inultiplet, C-11 hydrogen) cps.

Anal.  Caled for CpHx05: C, 71.33; I, 7.08.
71.56; H, 7.03.

3,118,17-Triacetoxyestra-1,3,5(10),16-tetraene (5).—A solu-
tion of 10 g of 4¢, 500 mg of p-toluenesulfonic acid hydrate, and
1 L of isopropenyl acetate was concentrated by distillation to 200
ml over a period of 8 hr. The reaction solution was diluted with
500 ml of isopropenyl acetate, distilled until another 400 ml of
distillate was collected, neutralized with 1 ml of pyridine, and
and then distilled to dryness in vacuo. The residue was extracted
with benzene. The benzene solution was washed with H,0,
dried (MgS0,), and distilled to dryness in vacuo. The residne
was purified by column chromatography on 700 g of silica gel
(Davison 60-200 mesh) in benzene. Elution of the colnmn with
benzene-EtOAc (19:1) yielded 6.4 g of crude crystalline enol
acetate. Crystallization of the crude product from ether and
hexane gave an analytical sample, mp 180-181° (lit. mp 180°).

Anal. Caled for CpHyuOs: C, 69.88; I, 6.84. Found: C,
70.02; H, 7.03.

3,118,163-Triacetoxyestra-1,3,5(10)-trien-17-one (6a).—A
mixture of 3.5 g of 5, 4.25 g of lead tetraacetate, and 35 ml of
AcOH was stirred for 2.5 hr. Then 0.5 g of Pb(OAc): was added
to the mixture and it was stirred another 1 hr. The reaction
mixture was diluted with 175 ml of CHCL;, washed (two 75-ml
portions of aqueous 59, sodium thiosulfate, four 300-ml portions
of H:0, saturated aqueous NaHCOs3), then dried (MgS0O,), and
distilled to dryness. The crude product when recrystallized from
ether and hexane gave 2.0 g of 6a: mp 203-207°; Amax 5.63,
5.73, and 6.20 mu; nmr peaks at 112, 128, and 136 (acetate
bands) cps.

Anal. Caled for CuHuOq:
67.49; 11, 6.60.

Tle on silica gel G (Brinkmann Instrnments), elnted with ben-
zene—-EtOAc¢ (6:1), and the nmr spectrum of the crude prodnet
(minor C-18 methyl peak at 62 cps) indicated that only a very
minor amount of the 16a-acetoxy isomer was produced.

3,118,163-Triacetoxyestra-1,3,5(10)-trien-173-0l (6b) and
3,118,163,173-Tetrahydroxyestra-1,3,5(10)-triene (6¢).—A solu-
tion of 1.0 g of 6a, 2 g of lithium tri-t-butoxyaluminum hy-
dride, and 50 ml of THF was stirred for 1 hr and then poured with
stirring into a mixture of 100 g of ice, 100 ml of H,0, and 15 ml
of AcOH. The mixture was extracted with CHCl;. The CHCI;
extract was washed (three 200-ml portions of H,0, saturated
aqueous NaHCO;3), then dried (MgS0,), and distilled to dryness.
The residiie was dissolved in ether. When the ether was removed
by evaporation, a crystalline product remaived: mp 113-114°;
Mmax 2,75 and 5.75 (broad) X; nmr peaks at 60 (C-13 methyl),
111.5, 126, and 133 (acetate bands) cps.

The crude alcohol 6b was dissolved in 20 ml of MeOld, dilnted
with a solution of 4 g of KOH in 25 ml of MeOld and 20 ml of
H,0, and warmed on the steam bath for 2 hr under No. The
solution was concentrated to 30 ml and then acidified to about
pH 1 with 4 M HCl solution. The crude, crystalline product was
collected by filtration, washed with H:O, and, when dried, weighed
0.85 g. Crystallization of the crude product from MeOH gave
640 mg of pnre 6¢: mp 279-280° (lit. mp 370°); [a]D +19°
(MeOH); Amax (KBr) 2.91, 3.06, 6.18, and 6.32 p.

Anal. Caled for ClgHz4O4Z C, 7102, H, 7.92.
71.13; H, 7.91.

3-Methoxyestra-1,3,5(10)-triene-113,168,178-triol (6d).—A
mixture of 2.25 g of 6¢, 9 g of KoCOj, 10 ml of Mel, and 50 ml of
MeOH was refluxed for 2 hr, cooled, diluted with water, concen-
trated by distillation in vacuo until the MeOH was removed, and

Found: C,

3, 67.27; 11, 6.59. Found: (,

Found: C,
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extracted with CHCL. When the CHCl solution was dried

(MgS0,) and distilled to dryness, it yielded 2.25 g of crystalline

prodnet.  Reerystallization from acetone and hexane gave an
apalytical sample, mp [72°, nmr peak at 65 (C-13 methyl) eps.

Anal. Caled for CyllyOy: C, 7067 11, 8.23. Found:
TLAT; 802

3-Methoxyestra-1,3,5(10)-triene-113,163,17 3-triol  16,17-
Acetonide (7).-—A solition of 50 mg of 6d and 3 mg of p-tolnenc-
sitlfonie acid in 10 ml of acetone was refluxed for several mninutes,
cooled, nentralized with pyridine, and evaporated to dryness.
The crystalline residue was tritnrated with MeOT and collected
by filtration. Reecrystallization of the crude produet from Ft.0
and hexane gave an analytical sample: mp 184-186°: vmr peaks
at 66.5, R0, and 90 (3 methyl gronps) eps.

Anal. Caled for CaHaOu C 7371 1, 844,
73.48; H, 8.33.

17 «-Ethynylestra-1,3,5(10)-triene-3,113,173-triol (8a).---11 a
mixture of 17 g of lithium acetylide—ethylenediamine complex
iv 100 ml of DMSO at 25° was added with stirring a solution of
S g of 4b in 150 ml of DMS0O. The mixture was stivred for 2
and then added with vigorous stirring ty a mixture of 200 g of
ice and 1 L of cold HsO. The solution waz diluted with Hal) ti
2 L. and then adjusted to about pH T with 4 M/ HCL. The ernde
prodnet was collected by filtration, washed with H,O, and dried
/n vracuo at 60°. It weighed 6.3 g and melted at 265-272°, Crys-
tallization of the crnde product from MeOH-CH.Cl, gave av
avalytical sample: mp 279-281° (lit.® mp 204°); [alv +101.5
(pyridine): Apax (KBr) 2,83, 2.99, 3.01, 6.15, and 6.24 w.

Anal. Caled for CaHuOy: C, 7659 U, T.74. Found: C,
6.705 11, 7.78.

3-Methoxy-17«-ethynylestra-1,3,5(10)-trien-113-0l (8b).--

When 3 g of 4d was ethynylated according to the procednre de-
seribed for the preparation of 8a, 2.75 g vf crude produet, mp
172-175°, was obtained. Recrystallization from acetone and
hexane gave an analytical sample: mp 176-177°; [a]v +7T9°:
Ao x -)77, 3.()-‘;, and 6.22 .

Anal. Caled for CallywOa: C,
1724 H, 192

I'ound: (',

1210 1 8030 Fonod: ()

(9) R. Joly, J. Warnanc, and J. Jolly, U. 3. Patent 3,313,702 (1967).

VII.
5,9-Tridecadien-1-0l Acetates!

Insect Sex Attractants.

Davih WARTHEN aND Martiy JACoBsON

Futowology Bescarch Division, U. S, Departicend of Vyeicudture
Belisville, Marylaml
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The stereochemical configuration of insect attrae-
tants often determines their activity. For example,
the sex attractant of the silkworm moth, Bombyx mor:
L., is the trans, cis isomer of 10,12-hexadecadien-1-ol;
the other three isomers are much less active.?—*
When the sex attractant of the pink bollworm moth
was  elucidated as 10-propyl-trans-5,9-tridecadien-1-
ol ucetate by Jones, et al.” we decided to prepare
analogs to evaluate attractancy and structure—activity
relationships.®

(1) Part VI: N. Green, M. Jacobson, 1. J. lenneberry, and A, N.
Kishaba, J. Med. Chem., 10, 533 (196T1.

{21 A. Butenandt, R. Beckmann, D. Staunn, and . Hecker, Z. Nutur-
Jorsch,, 14b, 283 (1959),

131 E. Hecker, Umschau, 59, 499 (1939).

(4) E. Truscheit and E. Eiter, 4Ann., 688, 65 (1962).

(3) A. Butenandt and E. Hecker, Angew. Chem., T3, 349 (1961).

{61 A. Butenandt, E. Hecker, M. Hopp, and W. Koch, Ann., 6568, 39
(19621,

(7Y W, A, Jones, M. faeptunn, and 1, 1.
(19661,

18) Al Jacohson, "lnsect Rex Atiractams,” luterscience Publishers, Ine.,
New York, N. Y., 1965, pp 92-101.

Muanrin, Sedowey, 182, 106

Norhs

Vol 10

The method nsed to prepare the 5,9-tridecadienyl
acetates 18 shown i Chart I The tetrahydropyrnyl

Cnanr 1
HOCH C==2CH 4+ BreCHL )W ClH==CLHHCIHT L0y —

1 2a, (s
b, (runs
ROCCH ) ComCCHa o CH== CH{CL L 2,CHy ——
3a, 1y
b. lruns

RO(CH ) CH==CH{CH . CTH==CTHC L CHE ——

4a, cix-)H, eis-4)
b, ris=3, truns-4
¢, trans-5, eix-tl
d, trans-5, trans-i

CHLCO 0 CLL ) CH=C HCHL)2CH==CHCLL LCL

Ba, ris-0, ris-4
b, ¢is-), bans-4
¢, leans-), ¢is-41
d, trans-d, trans-4

R = 2-tetrahyvdropyranyl

ether of 3-hexvn-1-ol wax alkylated with the /s or
trans 1somer of 1-bromo-3-heptene (2) in dioxane by
using lithium amide. Reduction of the isomers
(3) mn sodium-liquid amnionia or by hydrogenation
over poisoned Pd-CaCO; vielded the tetrahydropyranyl
ethers of 5,9-tridecadien-1-0l {4). Prolonged refluxing
of these ethers with acetic acid--acetyl chloride cleaved
the tetrahydropyran group to form the desired 5,9-
tridecadieny! acetates (5).

The 5,9-tridecadienyl acetates were colorless liquids
with similar infrared spectra, except that intensities
varied for the frans peak at 960 em~! and the eis peak at
720em -~} Since each ixomer contained certain amounts
of the three remaining isomers as impurities, the
trans content of each ncctate was determined by in-
frared spectroscopy,? using elaidvl acetate as a stand-
ard. The results obtained are shown in Tuble I

Attractancy Tests. -The ucetates 5 were evaluated
as attractants for male and female Mexiean fruit flies,
Anastrepha ludens (Lowe); Mediterranean fruit flies,
Creratitis  capilate (Wiedemann)y; oriental fruit fhes,
Dacus dorsalis (Hendel): melon flics, D. cucucbitas
Coquillet; male fall armyworis, Spodoptera frugipecda
(J. E. Smith); codling moths, Carpucapsa poinanella
L..; gvpsy moths, Poithelria dispar 1.0 cabbage loopers,
Trichoplusia i (Hitbner): and pink bolhworm moths.
The ¢rs-5.¢i8-0 and frans-5.cis-9 neetates were attractive
to fall armyworns in the laboratory and the ers-3,
frans-9 acetate caused copulatory behavior in male
cabbage looper moths,  All other test results were
negative,

Kxperimental Section!

2-(5-Hexynyloxy )tetrahydropyran (1).-—Dihyvdropyran (23.2 g,
(.30 mole) was added (1 24.5 g (1.25 mole) of S-hexy-I-ol and
5 drops of concentrated HCI, with stivting. The solntion was
cooled to keep the temperature below 40° and then stirred at

room temperature for 3 hr. Fxces: NapCOs was added to the

(9 A.O.C.3. Tentative Method »d 11-61.

(10) Infrared spectra were obtained witl, a Perkin-Elmer 521 spectru-
photometer. Gas chromatographic analyses were perforined on a F and M
Model 500 gas chromatograph with a flame ionization detector by using
rolimp of 5% Carbowax 200 on 60-80 mesl, base-washed Chromosorh W
VOGO 003 cnnr. A approximale low rate of 751 of Nemin was main-
tained.  Company el aade names are given for identilication purposes
only amwl d» not constitnie endorsement by the U, S, Departmen »f Awri-

enhuire,
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