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however, that a kinetically controlled ethynylation!! of that
compound proceeds quite cleanly with formation of a single
isomer resulting from « side attack.

Ethynylation of the 16« isomer also occurs predominantly
from the « side although in this case the isomeric ethynyl al-
cohol is formed to a minor extent, too.

As these results were not in agreement with those reported
by Atwater et al.” we reinvestigated their synthesis of 16«-
methylspironolactone. The sequence of reactions in eq I was
applied to both 33-hyvdroxy-168-methyl-5-androsten-17-one
and its 16« isomer.!2

In the 163-methyl case we obtained a single lactone the
physical and spectroscopic data of which were in agreement
with the compound tc which Atwater et al.” wrongly ascribed
the 16«-methyl configuration.

The 16a-methyl compound was converted into a mixture
of lactones which were separated by chromatography and
identified as 16«-methyl compounds isomeric with respect to
position C-17.

Experimental Section

33-Hydroxy-163-methyl-5-androsten-17-one:® mp 165-168 °C;
[a]p +4° (CHCl3, ¢ 0.5); 1TH NMR 6 0.84 (s, 3 H, H-18), 1.03 (s, 3 H,
H-19),1.22 (d,J = 7 Hz, 3 H, 163-CHjy), 3.50 (m, 1 H, H-3), 5.38 (m,
1 H, H-6); IR (KBr) 3480 cm™1, 1733; CD (dioxane) A 301 nm (Ae =
+2.84), 307 (+3.31), 317 (+2.44).

38-Hydroxy-16a-methyl-5-androsten-17-one. 33-Hydroxy-
5-androsten-17-one was protected as its 3-THP ether. Hydrazone
formation, alkylation (using 2.2 equiv of n-butyllithium at 0 °C, 60
min), and hydrazone cleavage were performed following the literature
scheme.?? Hydrazone cleavage is accompanied by THP ether hy-
drolysis, if the reaction time is prolonged to 15 h: mp 145-148 °C; [a]p
—13° (CHCl3, ¢ 0.505); 'H NMR (CDCl3) 6 0.94 ppm (s, 3 H, H-18),
1.05 (s. 3 H, H-19), 1.10 (d, J = 7 Hz, 3 H, 16a-CH3y), 3.50 (m, 1 H,
H-3),5.39 (m, 1 H, H-6); IR (KBr) 3490 cm™!, 1728; CD (dioxane) A
304 nm (Ae = +2.84).

Equilibration. 33-Hydroxy(acetoxy)-16a-methyl-5-androsten-
17-one as well as its 163 isomer were subjected to the equilibrating
conditions of Bowers et al.,2 the reaction times being prolonged to 24
h. Composition of the equilibrium mixture (by NMR): 78.5% of 3-
methyl, 21.5% of a-methyl.

Ethynylation. The ethynylations were performed according to the
procedure of Phillips et al.!1

17a-Ethynyl-168-methyl-5-androstene-38,178-diol: mp 209-212
°C; [a]p —97.6° (CHCly, ¢ 0.505); 'H NMR 6 0.84 (s, 3 H, H-18), 1.04
(s,3H.H-19),1.10(d,J = 7Hz, 3 H, 163-CH3y), 2.56 (s, 1 H, C=CH),
3.50 (m, 1 H, H-3), 5.33 (m, 1 H, H-6); yield!3 92%.

17a-Ethynyl-16a-methyl-5-androstene-38,178-diol: mp 221-223
°C; [a]p —129.7° (CHCly, ¢ 0.505); 'H NMR 6 0.92 ppm (s, 3 H, H-18),
1.03 (s, 3H, H-19), 1.16 (d, J = 7 Hz, 3 H, 16a-CHj3), 2.60 (s, 1 H,
C=CH), 3.51 (m, 1 H, H-3), 5.35 (m, 1 H, H-6); vield!3 72%.

Lactones. The sequence of Radscheit et al.12 (addition of 3-lithi-
opropionaldehyde dimethyl acetal, Oppenauer oxidation, acetal hy-
drolysis, Jones oxidatior) was employed in the synthesis of the fol-
lowing lactones:

3-(3-Ox0-168-methyl-178-hydroxy-4-androsten-17a-yl)pro-
pionic acid lactone: mp 176-177 °C; [a]p + 95.4° (CHCl;, ¢ 0.500);
H NMR (CDCl3) 5 0.96 (s, 3 H, H-18), 1.06 (d, / = 7 Hz, 3 H, 1683-
CHj3), 1.20 (s, 3 H, H-19), 5.74 (m, 1 H, H-4); IR (KBr) 1768 cm™,
1670, 1610; yield!3 68%.

3-(3-Ox0-16a-methyl-173-hydroxy-4-androsten-17a-yl)pro-
pionic acid lactone: mp 180-182 °C; [a]p +49.5° (CHCl3, ¢ 0.505);
H NMR (CDCl3) 6 1.00 ppm (d, J = 7 Hz, 3 H, 16a-CH3), 1.04 (s, 3
H, H-18),1.20 (s, 3 H, H-19},5.73 (i, 1 H, H-4); IR (KBr) 1770, 1672,
1612 cr~1; yield!3 32%.

3-(3-Ox0-16a-methyl-17a-hydroxy-4-androsten-175-yl)pro-
pionic acid lactone: mp 218-220 °C; [a]p +51.4° (CHCls, ¢ 0.505);
*H NMR (CDCl3) 6 0.86 (s, 3 H, H-18), 1.01 (d, J = 7 Hz, 3 H, 16a-
CHj3), 1.19 (s, 3H, H-19), 5.74 (m, 1 H, H-4); IR (KBr) 1760, 1675, 1612
cm~!: vield!3 34%.

Registry No.—33-Hydroxy-163-methyl-5-androsten-17-one,
67843-75-8; 38-hydroxy-16a-methyl-5-androsten-17-one, 2891-00-1;
33-acetoxy-168-methyl-5-androsten-17-one, 2099-24-3; 38-ace-
toxy-16a-methyl-5-androsten-17-one, 2099-25-4; 17«-ethynyl-
163-methyl-5-androstene-38,178-diol, 67800-69-5; 17«-ethynyl-
16a-methyl-5-androstene-33,178-diol, 67800-70-8; 3-(3-0x0-1683-
methyl-173-hydroxy-4-androsten-17a-yl)propionic acid lactone,

0022-3263/78/1943-4680301.00/0

Notes

67827-36-5; 3-(3-0x0-16r-methyl-178-hydroxy-4-androsten-17a-
yDpropionic acid lactone, 67800-71-9; 3-(3-0xo0-16a-methyl-17¢«-
hydroxy-4-androsten-173-yl)propionic acid lactone, 67843-76-9,
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Norisoambreinolide (1a)? and isoambrox (2a),3 amberlike
odorous compounds, have been the object of numerous syn-
thetic studies.*7 The major approaches to la consist of (a)
epimerization at the C-8 carbon of norambreinolide derived
from the oxidative degradation of naturally occurring
labdane-type diterpenes? and (b) the biogenetic-type cycli-
zation of 4,8,12-trimethy!-3,7,11-tridecatrienoic acid® and its
analogues.® However, the former is disadvantageous because
of the difficulty in obtaining pure starting materials, and the
latter involves poor total yields and low stereoselectivity.
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Notes

Meanwhile, effective syntheses of (+)-2a have not been re-
ported yet.”

Recently, it was found that the stannic chloride catalyzed
cyclization of farnesyl phenyl sulfone provided a drimane-type
compound 3a in 77% vield.® The sulfonyl group might facili-
tate alkylation at the o carbon of 3a and would be removed
smoothly after constructing the desired C,g skeleton. In this
paper, we describe an efficient synthesis of (£)-1a and (£)-2a
from the alicyclic sulfone 3a.

Carboxylation of the carbanion of the sulfone 3a was per-
formed smoothly by treatment with 2 equiv of butyllithium
in dry THF at =70 °C followed by carbon dioxide at room
temperature, providing 3b quantitatively. Similarly, hy-
droxymethylation of 3a afforded 3¢ in 86% yield. Cyclization
of the a-sulfonylcarboxylic acid 3b in sulfuric acid-acetic acid
afforded the corresponding cis lactone 1b in 93% yield as a sole
product. The highly stereocontrolled preparation of 1b seems
to be superior to the cyclization of 4,8,12-trimethyl-3,7,11-
tridecatrienoic acid® and 6-(2,6,6-trimethyicyclohexenyl)-
4-methyl-3-hexenoic acid® into (£)-1a, whereby the epimeric
isomers of la at the C-8 and C-9 positions were obtained.

Cis fusion of the lactone ring of 1b was established by
comparing the coupling constant between H-9 and H-11 (J
= 4 Hz) with that of ¢is-2,2,6-trimethyl-9-(phenylsulfonyl)-
7-oxabicyclo{4.3.0]nonan-8-one (J = 6 Hz)® and also by the
successful conversion of 1b into (£)-1a. Reductive desulfo-
nation of 1b with lithium in liquid ammonia provided (£)-1a
quantitatively. The synthetic (£)-1a was homogeneous on
VPC, and its IR and 'H NMR spectra were consistent with the
reported data.”© Meanwhile, reductive desulfonation of 3b
with lithium in liquid ammonia lead to 13,14,15,16-tetranor-
labd-7-en-12-oic acid,'® and subsequent lactonization gave
{£)-1a in quantitative yield. »

The reported attempts for the preparation of ambrox and
isoambrox reveal that dehydration of 8-hydroxy-
13,14,15,16-tetranorlabdan-12-ol takes place by the action of
sulfuric acid in acetic acid,*® naphthalenesulfonic acid,?@ hy-
drogen chloride,”? and activated alumina,?® affording isomeric
mixtures of 4 as a byproduct. To avoid the formation of the
undesired olefin, tosylation of the primary hydroxy group
followed by an amine-catalyzed intramolecular Sn2-type re-
action has been employed for making the tetrahydrofuran
ring.”e4 Fortunately, 3c fits all of the requirements for the
desired ring formation since the hydroxy group of 3¢ is deac-
tivated on account of the electron-withdrawing nature of the
phenylsulfonyl group. In fact, eyclization of 3¢ with boron
trifluoride in refluxing benzene afforded 2b in 97% yield.!!
Then, 2b was desulfonated with lithium in liquid ammonia
to give (£)-2a in 98% yield. The 'H NMR and IR spectra of
(£)-2a were in line with those of an authentic sample.1?

In contrast with the favorable desulfonation of 2b, the hy-
droxy sulfone 3¢ suffered dehydroxylation on treatment with
lithium in liquid ammania, affording 4 exclusively.13

Experimental Section

IR spectra were determined with a Jasco IRA-1 infrared spec-
trometer. 'H NMR spectra were obtained at 100 MHz with a JEOL
FX 100 spectrometer, and chemical shifts are expressed in & values
(parts per million) relative to MeySi in CDCls.

11-(Phenylsulfonyl)-13,14,15,16-tetranorlabd-7-en-12-0ic Acid
(3b). An ether solution of BuLi (0.29 mmol) was added slowly to 3a
(50 mg, 0.14 mmol) dissolved in THF (1.5 mL) at =70 °C under Ns.
After stirring for 10 min, dry CO, gas was introduced to the mixture
at —70 °C for 1 h. The mixture was quenched with water and acidified
with 5% HC], and the organic substances were extracted with ether.
The extracts were washed with brine, dried (NasSOy), and concen-
trated in vacuo to give 3b (57 mg, quantitative): mp 165.5-166.2 °C
(hexane); IR (Nujol) 2400-3400 (COgH), 1727 (C==0), 1316, 1143
(SO3) cm~1; TH NMR 6 0.79 (s, 3, CHs), 0.87 (s, 3, CH3), 0.92 (brs, 3,
CHgy), 1.01-1.78 (m, 7, CH,, CH), 1.76-2.08 (m, 2, CHy), 1.93 (s, 3,
CHgy), 3.21 (brs, 1, CH), 4.17 (brs, 1, CO:H), 4.27 (br s, 1, CH), 5.59
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(brs,1,CH=), 8.01-7.39 (m, 5, ArH). Anal. Calcd for CooH3704S: C,
67.67; H, 7.74. Found: C, 67.73; H, 7.92.

11-(Phenylsulfonyl)norisoambreinolide (1b). An ice-cooled
mixture of AcOH (4 mL) and concentrated HoSO4 (3 mL) was added
dropwise to an ethereal solution of 3b (111 mg, 0.28 mmol, in 0.2 mL
of ether) at 0 °C. The reaction mixture was stirred at 0-5 °C for 3 h
and poured into ice water. The organic substances were extracted with
ether-AcOEt (3:1). The usual workup and chromatography (SiOg;
benzene—-AcOEt, 10:1) gave 1b (103 mg, 93%) as colorless crystals: mp
197.2-198 °C; IR (CHCl3) 1765 (C=0), 1588, 1309, 1150 (SO3) cm™1;
H NMR 6 0.85 (s, 3, CHj), 0.88 (s, 3, CHg), 0.92 (s, 3, CHg), 0.94-2.04
(m, 11, CHy, CH), 1.60 (s, 3, CH3), 2.54 (d,J = 4 Hz, 1, CH), 3.87 (d,
J = 4Hz, 1,CH), 7.44-8.02 (m, 5, ArH). Anal. Caled for CooH3004S:
C,67.67; H, 7.74. Found: C, 67.82; H, 7.76.

(£)-Norisoambreinolide (la). Lithium wire (3 mm, 1.8 mmol)
was added to 1b (64 mg, 0.16 mmol) dissolved in THF (0.5 mL) and
dry liquid ammonia (5 mL) at =78 °C, and the mixture was stirred
for 2 min. After adding water (0.05 mL) and evaporating ammonia,
the residue was worked up as usual to yield (£)-1a (40 mg, 98%) as
colorless crystals, mp 77-77.5 °C (lit.> mp 78-79 °C).

13,14,15,16-Tetranorlabd-7-en-12-oic Acid. Desulfonation of
3b was carried out in the same manner as used for 1b, mp 141-141.8
°C. The IR and 'H NMR spectra of the product were in line with those
of the authentic data.l®

11-(Phenylsulfonyl)-13,14,15,16-tetranorlabd-7-en-12-0l (3c¢).
An ether solution of BuLi (0.29 mmol) was added dropwise to 3a (50
mg, 0.14 mmol) dissolved in dry THF (1.5 mL) at =70 °C. After
stirring at =70 °C for 5 min and then at room temperature for 15 min,
dry CH50 gas was introduced into the mixture, which was subse-
quently stirred for 1 h and quenched with saturated NH4Cl. The usual
workup and chromatography (SiOq; benzene-AcOEt, 5:1) gave 3¢ (46
mg, 86%) as a colorless oil: IR (neat) 3500 (OH), 1587, 1304, 1145 (SOy)
cem~; 'H NMR 6 0.84 (s, 6, CHg), 0.89 (s, 3, CH3), 1.66 (brs, 3, CHg),
0.81-1.63 (m, 6, CHy), 1.76-2.08 (m, 2, CH5), 2.20--2.62 (m, 1, CH), 2.48
(brs,1,0H), 3.42-3.96 (m, 2, CHs), 4.54 (dd, J, = 8 Hz, J; = 13 Hz,
1, CH), 5.60 (br s, 1, CH=), 7.40-8.06 (m, 5, ArH). Anal. Caled for
C22H320382 C, 70.19; H, 8.57. Found: C, 70.09; H, 8.59.

883,12-Epoxy-11-(phenylsulfonyl}-13,14,15,16-tetranorlabdane
(2b). A benzene solution (8 mL) of 3¢ (54 mg, 0.14 mmol) and boron
trifluoride etherate (0.05 mL, ca. 0.4 mmol) was refluxed for 1 h and
quenched with saturated NaHCQj;. The usual workup and chroma-
tography (Si0g; benzene-AcOEt, 10:1) provided 2b (52 mg, 97%) as
a slightly yellow oil: IR (neat) 1588, 1309, 1153 (SO2) cm™!; 'H NMR
6 0.86 (s, 6, CH3), 0.88 (s, 3, CH3), 1.23 (s, 3, CHy), 0.95-1.96 (m, 11,
CH, CHy), 2.04 (d, J = 2 Hz, 1, CH), 3.34-3.59 (m, 1, CH), 3.76 (dd,
Jy=THz,Jy=11Hz,1,CH), 4.24 (dd,J, = 4Hz,Jo =11 Hz, 1, CH),
7.40-8.02 (m, 5, ArH). Anal. Caled for C9oH300:8: C, 70.19; H, 8.57.
Found: C, 70.21; H, 8.76.

(£)-Isoambrox (2a). A lithium wire (1 mm, 0.6 mmol) was added
to 2b (44 mg, 0.12 mmol) dissolved in dry THF (0.5 mL) and liquid
ammonia (4 mL) at =50 °C. The mixture was stirred for 15 min and
quenched with saturated NH4Cl. The usual workup and chroma-
tography (SiOg; n-hexane—ether, 10:1) gave (+)-2a (27 mg, 98%) as
a colorless oil. The product was homogeneous on VPC (SE-30, 1 m—6¢)
and spectral analyses,!2

Registry No.—1a, 67844-42-2; 1b, 67815-49-0; 2a, 67844-43-3; 2b,
67815-50-3; 3a, 66901-39-1; 3b, 67815-51-4; 3¢, 67815-52-5; (+)-
13,14,15,16-tetranorlabd-7-en-12-o0ic acid, 67844-44-4.
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Sodium and Potassium Carbonates: Efficient
Strong Bases in Solid-Liquid Two-Phase Systems!

Summary: Anhydrous potassium and sodium carbonates in
the presence of catalysts—tetraalkylammonium salts or crown
ethers were found to be efficient strong bases for generation
and reactions of a variety of carbanions.

Sir: A recent paper by White,2 in which the alkylation of di-
ethyl malonate, ethyl cyanoacetate, and some other com-
pounds in the presence of potassium carbonate in DMF was
reported, prompts us to publish a preliminary communication
describing some of our results concerning the application of
alkali metal carbonates as efficient strong bases.

Among the variety of basic agents employed for the gener-
ation of carbanions, concentrated aqueous sodium hydroxide
in the presence of catalysts such as tetraalkylammonium salts
or crown ethers is of particular value.3 Such reactions take
place in a liquid-liquid two-phase system in which both
phases, aqueous sodium hydroxide and organic reactants (neat
or in nonpolar solvent) are mutually immiscible. This catalytic
two-phase (CTP) system offers numerous advantages over
other hases such as NaH, NaNH,, and ¢-BuOK, inter alia
elimination of hazardous and expensive reactants, anhydrous
organic solvents, ete.

Despite many advantages, the CTP system has some limi-
tations, one of them being the hydrolytic activity of concen-
trated aqueous alkali. Although due to the mutual immisci-
bility of the phases, hydrolysis of starting materials and/or
products interferes much less than one would expect; carbo-
ethoxy and carbomethoxy groups are hydrolyzed in this sys-
tem to a considerable extent. As a consequence alkylation of
diethvl malonate, methyl cyanoacetate, and similar com-
pounds cannot be performed efficiently in the CTP system.

We have found that many reactions proceeding via carb-
anions can be efficiently carried out using anhydrous sodium
or potassium carbonates as bases. In these cases the reactions
proceed in liquid—solid two-phase systems. Organic reactants
neat (if liquids) or in aprotic solvents form the organic phase
in which solid sodium or potassium carbonate is suspended.
In this system reactions are catalyzed by tetraalkylammonium
salts or crown ethers. The catalysts are unable to transfer
carbonate anions (CO427) into the organic phase,* thus
solid-liquid phase-transfer phenomena are probably not in-
volved here. It is more plausible that the first step, namely
proton abstraction, takes place on the surface of the solid
carbonate. The anions formed then migrate into the organic
phase as ion pairs with tetraalkylammonium cations or crown
ether complexed alkali metal cations. Since anhydrous alkali
carbonates form fine powders with well-developed surfaces
and also show no tendency to form lumps, the speed of stirring
is not of crucial importance. When KoCOj3 or Nao,COj are used
as bases the reactions should be carried out at higher tem-
peratures than if aqueous NaOH is used in the CTP system.

This normally does not cause any difficulties, since the car-
bonates are rather mild bases.

Up to now the following reactions have been found to pro-
ceed efficiently in the presence of alkali carbonates.

1. Alkylation of diethyl malonate, methyl cyanoacetate, and
ethyl acetoacetate.

/Z K,CO, or Na,CO, Z R\ /Z

CH, + RX = RCH and/or C

\ Q*Cl'or crown \ / \
Y R Y

Z = COOEt, Y = COOEt, COMe

Z = COOMe, Y = CN
These reactions are conducted between 50 and 100 °C de-
pending on the alkylating agent used. In the case of diethyl
malonate the process is highly selective in the sense of mono-
vs. dialkylation. Methyl cyanoacetate is much more prone to
undergo dialkylation. Nevertheless in both cases, mono- and
dialkylated products can be prepared in high yields.

2. Alkylation and nitroarylation of 9-substituted fluorene
K,CO,; or Na,CO,

derivatives.
benzene, acetonitrile, or DMF Q Y
DL D
+X_
Q or crown R
Y = -COOEt, —-CN, or —NC; RX = alkyl halide, p-chloro-
nitrobenzene, etc.

Since the starting compounds are solids, small amounts of
solvents are necessary.

3. Alkylation and nitroarylation of diphenylacetal-
dehyde.

Ph K,CO, Ph\ /OR
HCHO + RX —— C=C\
crown yd
Ph Ph H

Exclusively O-alkylated derivatives are formed in high
yields.
4. Alkylation of phenylacetonitrile.

P
K,CO; h\ /R
PhCHRCN + C.
own e \
R CN

PhCH,.CN + RX

Although phenylacetonitrile is a quite weak carbon acid it can
still be deprotonated and subsequently alkylated using the
potassium carbonate system at elevated temperatures. Since
phenylacetonitrile is efficiently alkylated under CTP condi-
tions,5 this method is advantageous only for alkylation with
compounds sensitive toward alkaline hydrolysis (e.g., ethyl
chloroacetate).
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