January 1969

NotEs 191

ScHEME 1
OAc OAc
.--C=CH
—
HON
1
OAc OAc

syn isomer (lower streak) was found to be 309 and the antt
isomer was 709,
3-Aza-17 ¢-ethynyl-178-acetoxy-A-homoandrost-4a-en-4-one

(2).—To a solution containing 17.6 g of 1 in 300 ml of purified
dioxane there was added 10 ml of SOCl,. The mixture was stirred
at room temperature for 1.5 hr and poured into a large amount of
water, The excess acid was neutralized with NaHCO; and the
solution was extracted (CH;Cl;). The organic layer was washed
(H,0), dried (Na,S0,), and filtered. The filtrate was stirred for
3 hr with 150 g of IR-45 Amberlite (Rohm and Hass) and filtered.
The filtrate was evaporated to give a semisolid which could be
recrystallized from CsHe-CsH,s (1:3) to give 4.4 g (839 based on
syn isomer) of 2: mp 245-247°; [alp —41.1°; A" 2.9,
3.0, 5,73, and 6.05 p; AE2F 220 mu; pmr (CDCl), 0.9 (C-18),
1.17 (C-19), 2.03 (C-17, OAc), 2.58 (C-17, C=CH), and 5.72
ppm (C4a). Anal. (C;;HaNO:) C, H, N,

3-Aza-17 a-ethynyl-A-homoandrost-4a-en-178-01 (3).—To a
solution of 3.5 g of 2 in 150 ml of THF there was added over a
period of 1 hr 7.0 g of LiAlHs. The mixture was refluxed for 26
hr with continuous stirring. The excess LiAlH, was decomposed
with Et.0 saturated with H,O followed by H,O. The mixture
was filtered and the inorganic hydroxides were washed with
EtOAc. The filtrates were combined, washed (H,0), dried
(Na,80y), and evaporated. The solid residue was warmed with
alcoholic KOH and poured into a large amount of H,O. The
solid thus separated was collected by filtration and recrystallized
from EtOAc to give 1.4 g (409;) of 2: mp 206-208°; [a]Dp —41°;
ron® 278 and 3.01 g, no uv absorption between 200 and 360
mu; pmr (CDCl;), 0.87 (C-18), 1.1 (C-19), 2.55 (C-17, C=CH),
and 5.41 ppm (C4a). Anal. (CaHuNO)C, H,N.

3-Aza-17x-vinyl-173-acetoxy-A-homoandrost-4a-en-4-one (4).
—One gram of 2 was dissolved in 10 ml of pyridine and treated
with 200 mg of 59, Pd-C. The mixture was hydrogenated at
room temperature and atmospheric pressure until 1 mole of H;
was consumed. It was filtered and the filtrate was poured over a
large amount of ice and H;0. The solid thus separated was
collected by filtration and recrystallized from EtOAc to give 1.0
g (999%) of 41 mp 238-240°; [a]D +8.7; ASES® 2,90, 5.75, and
6.05 w; 2% 220 mu; pmr (CDCls), 0.98 (C-18), 1.16 (C-19),
2.0 (C-17, OAc), 5.14 (C-17, vinyl multiplets), and 5.72 ppm
(C-4a). Anal. (CstssNOs) C, H, N,

3-Aza-17 ¢-ethyl-17 3-acetoxy-A-homoandrost-4a-en-4-one (5).
—Two grams of 2 was dissolved in 20 ml of AcOH and treated
with 1 g of 59, Pd-C. The mixture was hydrogenated at room
temperature and atmospheric pressure until 2 moles of H, was
consumed. It was filtered and the filtrate was poured over ice
and HyO. The solid thus separated was collected by filtration
and recrystallized from EtOAc to give 1.7 g (87%) of 5: mp
248-250°; AEPF 3.1, 5.75, and 6.0 u; AES® 220 my; pmr (CDCly),
0.88 (C-18), 1.17 (C-19), 2.0 (C-17, OAc), and 5.72 ppm (C-4a).
Anal. (Cst35N03) C, H, N.
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The structure of the insect juvenile hormone (JH)
obtained from the cecropia moth, Hyalophora cecropia
L., has recently been reported as I,! and I has been
synthesized and found to be highly active.?3 Pre-
viously, methyl farnesate 10,11-epoxide (II)* and
methyl  7,11-dichloro-3,7,11-trimethyl-2-dodecenoate
(I1I)%8 were also found to be highly active.
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The bulk around C-11 might be the cause of the en-
hancement of JH activity of I--IIT over that of methyl
farnesate (IV).  This hypothesis was tested by pre-
paring  mcthyl  11-methoxy-3,7,11-trimethyl-2,6-do-
deeadienoate (V) and methyl 1l-ethoxy-3,7,11-tri-
methyl-2,6-dodecadienoate (VI) by the alkoxymer-
curation of methyl farnesate and then by demercuration
with NaBH,."
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Two points were noteworthy in the reaction. The
first was the rapidity of the alkoxymereuration. KFuar-
ler reports gave reaction times of 36 hr for methyl cin-
namate,® several howrs for ethylene,® and 14 hr for one
double bond in methyl linoleate.’  We have observed
that the reaetion waz over in 30 min and probably much
sooner. In fact, Hg(OAc); must be added to methyl
farnesate; reverse addition invariably led to a mixture
of the starting matervial, monoadduct, and diadduect.
Brown has remarked on the speed of the related hy-
droxymercuration reaction.”

The second point was that cyclization to form prod-
nets such as VII or VIIT was not an important reaction.
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The nuclear maguietic resonance spectra of V and VI
retained the signal at 7 8.42 for Me at C-7; the highest
field signal was at 7 8,95, which would seem too low for
the gem-Me, in VII and VIII; also, there were signals
for two vinylic protons, aut 7 4.43 (H on C-2) and 4.95
(H on C-6), which conelusively ruled out struetures VII
and VIII.

When Tenebrio molitor L. was used as the test insect,
V oand VI were less than one-third as active as farnesyl
niethyl ether and about /5 as active as the mixture of
synthetie JH and its isomers.*  Apparently, the causa-
tive factor(s) for the enhanced activities of I-III re-
side(s) in something other than the mere bulk effect of
the oxygen or chlorine atoms.

Experimental Section

Analytieal and preparative glpe were made with an Aerograph
A-700 Autoprep on a 152 em X 6.4 mm column of 5%, SE-30
on bage-washed Chromosorb P at 225° and a flow of 60 mi/min.
Nmur spectra were obtained on a Varian HA-100 by E. L. Gooden
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uf this Division.  The T'encbrio test!! was used far bioassays with
assistance from Mrs. R. B. Henegar and Mrs. P. Hall of the Bio-
logical Tnvesigations Unit of this Division.  lemental analyses
were perfurmed by Galbraith Labarntaries, Tue,, Kuoxville, Tenn.

The methyl farnesate was prepaved hy ihe eandensation af
trans-geranyvlacetane' and (rimethyl phosphanaacerate mal wee
a 70230 mixinre of methyl rans,frans-taresate and methyl ris,-
lrans-farnesnie.

Methyl 11-Methoxy-3,7,11-trimethyl-2,6-dodecadienoate (V).

=AU salntion af Hg(OAe): (2.6 g, 7.6 mmales) in 50 ml af MeOTT
was added ta u stirred, 1ce-cold =ahition of methyl farmesate 2.0
g, 7.6 mmales ) in 20 ml of MeOH during 13 min; then the mixinre
was allowed ta =tand for 30 min, A sabttion of KO (1.27 g,
A3 mmales) i 20 ml of MeOH wns added next.  Then NaBlII,
0.14 g, 5.8 mmales) was added i small portions, and stivring
was contimied for 30 min. The solution was decanted fram 1ig,
coneentrated to half~vohine under rediced pressive, diltied
with 100 ml aof H.0, and extracted with three A0-ml partians af
126,00 Fhe combined 1510 phase was extvacted twice with 20-nl
partians af IO and dried OMgROg. The removal of the erher
vielded the desired praditet (1.66 g, 74470 The camplete ab-
sence of methyl funesate was demonstrated by gas chromatagrans
that had major peaks ut 2.6 and 5.0 min (887, cambined; and
minor pepks at 5.3 (10701 and B8 min 27 Analytienl and
nmr samples consisted af the twaanajor peaks and were callected
by preparative glpe.  Anal. 1C:1400 C, H.

Methyl 11-Ethoxy-3,7,11-trimethyl-2,6-dodecadienoate 1V1:.
-—The compmmd wax prepared in o similar manner with 1O
=ubstinnted for MeOH and with the fallowing differences.  1lg-
{OAC), war added as o <oxpenstan in the ELOH, and the mixinre
was allowed ta stand 2 hr bhefore the addition of NaBH,  The
ernde vield wax 1100, Glpe (percentages given arve exchisive
af solvent penk<) denmxrated the nbsence of methyl farnesaie,
minar peaks at 2.1 and 2.3 min {12, combined), VT at 3.4 and
4.0 min (787 cambined), and 2 inar peak at 4.5 min (107, 4
Anal, (CgHpO3) ) HL
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Many analogs of the potent estrogen [~cis-bisdehydro-
doisyuolic acid (2€) have been synthesized.*  Although
the replacement of the side-chain ethyl with s methyl
group (2¢ — 2d) caused no change in activity, a cor-
responding change (2a — 2b) with the closely related,
but much less active, d-trans-bisdehydrodoisynolic neid
resulted in n more active compound (fested ag the
methyl ester).! Siuce d-trans-doisynolic acid (1a) is
related in configuration to the less netive bisdehydro-
doisynolic acid 2a, but is itself a potent estrogen, a
similar transformation (1a — 1b) would be of interest.
This note describes the synthesis and estrogenic activity
of 1b,
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