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using other catalysts. Diacylated ferrocenes were not iso-
lated from any of these reactions.

The mechanism of this metal carbonyl catalyzed reac-
tion, assuming initial generation of 1, is likely similar to
those proposed for other catalysts.?

Experimental Section

General Procedure for Mo(CQO)¢-Catalyzed Acylation of Fer-
rocene. A mixture of ferrocene (10~20 mmol), acid chloride (1.05/
1.00 mole ratio of acid chloride/ferrocene), and Mo{(CO)g (5-10
mol %) in n-heptane (80-200 ml) was refluxed with stirring under
nitrogen for 1-2 days. The solution was cooled and filtered, and
the filtrate was flash evaporated. The residue from flash evapora-
tion was dissolved in benzene (or 1:1 hexane-benzene) and chro-
matographed on silica gel. Elution with benzene or hexane-ben-
zene (1:1) gave unreacted ferrocene. The acylated ferrocene (3)
was obtained on elution with benzene or benzene-ether. No dia-
cylated ferrocene was isolated when ether, methylene chloride, or
chloroform were used as eluents. The yields and melting points of
3 are listed in Table I. The acylated ferrocenes were identified on
the basis of melting points, as well as infrared, nuclear magnetic
resonance, and mass spectral results.
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The preparation of 3-methoxy-19-nor-17«-pregna-
1,3,5(10)-trien-20-yn-178-0l (la, mestranol) by ethynyla-
tion of the corresponding 17-ketone 9 is well known.?
However, the epimeric 178-ethynyl-17«-0l compound 6
(epimestranol) has apparently not been characterized.?
During the course of a continuing investigation of the
reactions of steroidal tertiary 178-acetates on alumina, we
observed the formation of other polar products in addition
to the previously reported enynes arising from deacetoxy-
lation.* We wish to report the formation of epimestranol 6
by an unexpected epimerization of mestranol acetate (1b)
on alumina.

When a benzene solution of 1b was allowed to remain in
contact with a column? of neutral alumina® at room tem-
perature for 5-10 days, the principal transformation prod-
uct 5 (30-50%) was eluted as the least polar component,
followed by a mixture of unchanged acetate 1b, two close-
ly moving products 6 and 7, and finaily by mestranol (1a).
Repeated chromatography of this mixture on silica gel,
followed by fractional crystallization, afforded 6 and 7,
each in 5% yield.
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The absence of acetoxy bands in the ir and nmr spectra
of 5 indicated that it was a product of deacetoxylation.
The presence of a vinylic proton at § 6.13 and a deshielded
ethynyl proton at 6 3.07 in the nmr spectrum, as well as
an augmented uv absorption at 225 nm (e 19.200), estab-
lished the conjugated enyne structure for 5. The same
enyne was obtained by treatment of la with POCI; in
pyridine.” An isomeric enyne detected by nmr in trace
amounts in the mother liquors from 5 was identified as
the product 10 formed by Wagner-Meerwein migration of
the C1s methyl group to Ci7, by comparison with an au-
thentic sample obtained by dehydration of l1a with formic
acid.® Compound 6 appeared to be an ethynylcarbinol on
the basis of its microanalysis and ir and nmr spectral
data. The location of the ethynylcarbinol functions of 6 at
Cy7 became evident from its conversion to the 17-ketone 9
via the base-induced reversall© of ketone ethynylation. Fi-
nally, 6 was also prepared by an alternate synthesis.
Treatment of enyne 5 with m-chloroperoxybenzoic acid
(MCPBA) afforded the epoxide 81 (49%), which on re-
duction with LiAlH4 furnished 6 (~15%), identical with
that obtained by transformation of mestranol acetate (1b)
on alumina. These results confirmed the epimeric rela-
tionship of 6 and la at Ci7. A conjugated aldehyde struc-
ture for 7, as suggested by its spectral properties, was con-
firmed by comparison with authentic material.? Unlike
the acetate 1b, the parent carbinol 1la failed to give trans-
formation products on alumina.

The formation of the observed alumina-transformation
products from 1b can be explained by invoking a carboni-
um ion mechanism. The mesomeric carbonium ion 2 < 3
can be formed by a loss of acetate ion!2 on the dipolar?
surface of alumina. Formation of the conjugated aldehyde
7 via the enol 4, by reaction of the allenic form 3 of the
mesomeric cation with water from alumina, is recogniz-
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able as a Meyer-Schuster?4 rearrangement product. Reac-
tion of the propargylic cation® 2 with water could then
account for the formation of 6 and 1a.1® Formation of the
enyne 5 and the appearance of compounds such as 10 have
been previously noted in such acid-catalyzed reactions.®.17
Such transformations on alumina appeared generally to
occur with other 17a-ethynyl-178-acetoxy steroids lacking
a A4-3-ketone function in ring A. The apparent inertness of
17a-ethynyl-178-acetoxy-A%-3-keto steroids presently re-
mains unexplained, since the corresponding 17«-methyl-
178-acetoxy-A%-3-keto steroids do indeed undergo deacetox-
ylation.*

Experimental Section

Melting points were determined on a Thomas-Hoover capillary
apparatus (unless otherwise indicated) and are uncorrected. The
ir spectra were recorded on a Beckman IR-8 spectrophotometer in
KBr pellets; the uv spectra were determined on a Cary Model II
recording spectrophotometer in ethanol; and the nmr spectra
were recorded on a Varian A-60 spectrometer in CDCl;. Chemical
shifts are reported in parts per million relative to TMS. Mass
spectra were recorded on a Finnigan MS 1015-D spectrometer.
Optical rotations were determined on a Rudolph Model 70 polari-
meter attached to a Model 200 photoelectric unit for 1% solutions
in CHCIl; unless otherwise indicated. Tlc analyses were performed
on Uniplate Silicar 7-GF (Analtech Inc.). For column chromatog-
raphy Silic-AR-CC-7 (Mallincrodt Chemical Co.) was used. All
evaporations were carried out in vacuo. Elemental analyses were
performed by Spang Microanalytical Laboratory, Ann Arbor,
Mich.

3-Methoxy-19-norpregna-1,3,5(10)-trien-20-yn-17a-01  (Epi-
mestranol, 6). A. From the Reaction of 1b on Alumina. A solu-
tion of 1b (10 g) in benzene (50 ml) was adsorbed on a column of
neutral alumina (1 kg) in benzene and allowed to stand for 10
days at room temperature, The column was then eluted with ben-
zene containing increasing proportions of EtOAc and finally
stripped with EtOAc and 125-ml fractions were collected. These
were pooled into three major fractions on the bhasis of tlc. The
least polar fraction (4.16 g, 50%), consisting mainly of the enyne
5, was recrystallized from CHyClo~-MeOH to afford an analytical
sample of 5 (3.5 g): mp 156-157°%; [a]?®D +63° uv 225 nm (e
19,200), 277 (2200), 286 (2100); nmr 6 7.3-6.5 (m, 3 H, aromatic),
6.13 (t, 1 H, J = 2.5 Hz, 16-H), 3.75 (s, 3 H, OCHs), 3.07 (s, L H,
C=CH), and 0.87 (s, 3 H, 18-CHzs).

Anal. Calcd for Co1H»40: C, 86.25; H, 8.27. Found: C, 86.47; H,
8.15.

A trace amount of the enyne 10 detected by tlc in the mother
liquors from 5 was identified by the presence of a signal at 6 1.31
in the nmr spectrum (C-13 methyl migrated to C-17) by compari-
son with a sample obtained by dehydration of la with formic acid
(as described below).

The middle fraction (2.7 g) consisted of a mixture of 1b, 6, 7,
and la (in the order of their decreasing R; value on tlc). Repeated
chromatography of this fraction on silica gel columns using 2-5%
EtOAc in CgHg for elution, followed by fractional crystallization
from MeOH, afforded 6 (0.44 g, 5%) and 7 (0.45 g, 5%) as analyti-
cal samples. Epimestranol (6) had mp 136-137°; ir 2.8 (OH), 3.04
u (C=CH); nmr é§ 6.5-7.3 (m, 3 H, aromatic), 3.76 (s, 3 H,
OCHs), 2.51 (s, 1 H, C=CH) and 0.90 (s, 3 H, 18-Me); mass
spectrum m /e 310 (molecular ion).

HAnal. Caled for Co3HpgOs: C, 81.25; H, 8.44. Found: C, 81.01;

,8.39.

Aldehyde 7 had mp 173-175°; [«]?*D +60° (reported? mp 175~
177°; [a]D +63.5°).

The most polar fraction was largely mestranol (1a, 1.5 g) on the
bsis of tlc and ir.

B. From the Reduction of & with LiAlH,. LiAlH, (10 g) was
slowly added at room temperature to a stirred solution of 8 (10 g)
in THF (800 ml) and the mixture was heated at reflux under ni-
trogen for 1.5 hr. The reaction mixture was then cooled in an ice
bath, stirred vigorously, and treated cautiously in succession with
H>0 (10 ml), 156% aqueous NaOH (10 ml), and H20 (30 ml). The
granular precipitate was separated by filtration and washed sev-
eral times with ether. The combined organic solutions were taken
to dryness and the residue was chromatographed on a silica gel
(500 g) column. The enyne 5 (4.42 g) was eluted with benzene fol-
lowed by 6 (1.5 g, 15%) eluted with 1% EtOAc-CgHg. These were
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identical (melting point, ir, nmr) with the products obtained by
transformation of 1b on alumina.

3-Methoxy-16a,17-epoxy-19-norpregna-1,3,5(10)-trien-20-yne
(8). A solution of MCPBA (8.0 g) in CHCl3 (300 ml) was slowly
added over a period of 0.5 hr to a stirred solution of 5 (5.5 g) in
CHCl; (250'ml) at room temperature. Stirring was continued for
an additional 5 hr, after which the excess peracid was destroyed
by the addition of an aqueous 10% NaHSOj solution. The CHCl;
layer was washed successively with aqueous 10% NaHCO; and
H20, dried (Na2S04), and evaporated. The residue was chroma-
tographed on silica gel and eluted with benzene-petroleum ether
(35:65) to give unreacted 5. Further elution with benzene-petrole-
um ether (50:50) afforded 8 (2.85 g, 49%). Recrystallization from
CH,Cl;-MeOH gave an analytical sample: mp '199.5°; [«]?%D
+103° (¢ 0.5, CHCls); uv 278 nm (e 1980), 287 (1850); ir 3.03
(C=CH), 3.31 u (16a-H); nmr 6 3.65 (s, 1 H, 163-H), 2.41 (s, 1 H,
C=CH), and 0.94 (s, 3H, 18-Me). ‘

Anal, Caled for Cy31Hp402: C, 81.78; H, 7.84. Found: C, 81.91;
H, 7.81.

Conversion of 6 to 9. Deethynylation of 6 (50 mg) following the
method of Langecker'® by heating at reflux with methanolic
NaOH (10 ml, 1 N) afforded 9 (15 mg), mp 172°, identical with
an authentic commercial sample (ir, tlc).

3-Methoxy-19-norpregna-1,3,5(10),16-tetraen-17-yne (5). A
solution of la (5 g) in dry pyridine (50 ml) and freshly distilled
POCI; (2.6 ml) was heated at reflux for 2 hr, cooled, and poured
into ice and concentrated HCl. The suspension was extracted
with a mixture of ether and CH2Cls (3:1), washed with aqueous
10% NagCO3z and H20, dried (NazS0,), and evaporated. Chro-
matography of the dark residue on a column of silica gel and elu-
tion with benzene afforded a colorless, crystalline solid, mp 156-
157°, identical (ir, nmr) with that obtained by deacetoxylation of
1b on alumina.

3-Methoxy-175-methyl-18,19-dinorpregna-1,3,5(10),13(14)-
tetraen-20-yne (10). A mixture of la (1.0 g) and formic acid (50
ml, 90%) was heated under reflux for 1.5 hr. The red solution was
cooled, poured into ice, and extracted with CH2Cly. The organic
layer was washed with agueous 10% NaHCOj; and Hy0, dried
(NagS04), and evaporated. The residue (1.0 g) was chromato-
graphed on a column of silica gel in hexane. Following an initial
oily fraction, elution with increasing proportions of C¢Hg in hex-
ane afforded 10 as a crystalline solid (0.282 g, 30%) which upon
recrystallization from MeOH gave mp 108-112°; [«w]?*D —26°; ir
3.08 u (C=CH); nmr § 7.3-6.4 (m, 3 H, aromatic), 3.80 (s, 3 H,
OCHa), 2.18 (s, 1 H, C=CH), and 1.31 (s, 3 H, 178-Me).

Anal. Caled for C21H2,0: C, 86.25; H, 8.27. Found: C, 86.07; H,
8.31.
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Several species of Hyptis have been found to possess
significant pharmacological properties.?> An investigation
of Hyptis suaveolens (L) Point (Labiatae), a species wide-
spread throughout tropical America* and reputed to pos-
sess medicinal properties,? has led to the isolation of two
novel diterpenes for which the names suaveolic acid and
suaveolol are proposed.

Suaveolic acid (1) was obtained by extraction of the
dried leaves and stems of H. suaveolens with either ace-
tone or methanol, and its infrared spectrum revealed the
presence of both COOH and OH groups. Although its nmr
spectrum showed that no vinyl protons were present, a
strong absorption in the Raman spectrum of 1 at 1650
cm~1 indicated that the structure contained a C=C bond.
The nmr spectrum, in addition to confirming the presence
of two exchangeable hydrogens, indicated that suaveolic
acid contained an isopropyl group and two quaternary
methyl substituents. Furthermore, a one-proton signal at
6 3.81 (d, J = 7 Hz) suggested that the alcohol function
was secondary.

I, R, = COH; R, = OH

2, R, = CO,Me; R, = OH

3, R, = COMe; R, = OAc

4, R. = CO,Me; R, = =0
5 R, = CH),OH; R, = OH

6, R, = CHJ/OAc; R, = OAc

Figure 1. A perspective drawing of methy! suaveolate (relative
configuration). All atoms are drawn with the same radius and hy-
drogens are omitted for clarity.

Treatment of 1 with diazomethane gave methyl suaveo-
late (2), which, upon exposure to acetic anhydride in pyri-
dine, produced a secondary acetate (3) showing a one-pro-
ton doublet (J = 7 Hz)} at § 5.33. The low-field position of
this signal® suggested that the CHOH proton in suaveolic
acid might be allylic, and this was confirmed by oxidation
of methyl suaveolate with Jones reagent to an «,8-unsatu-
rated ketone 4.7 The chemical evidence implies a struc-
ture for 1 based upon 8-abieten-18-oic acid,® with place-
ment of the OH at C-14 rather than C-11 dictated by the
fact that in 1, 2, and 3 the CHOH proton appears as a
well-defined doublet.

Suaveolol (5) was isolated after chromatography of the
Hyptis extract on alumina and also by direct crystalliza-
tion from the extract. It showed no carbonyl absorption,
but its nmr spectrum revealed both primary and secon-
dary alcohol functions. As in the case of 1, the Raman
spectrum (1670 em~2) of 5 clearly indicated the presence
of a tetrasubstituted double bond. Treatment of suaveolol
with acetic anhydride in pyridine gave a gummy diacetate
6. The relationship between suaveolic acid and suaveolol
was established by reduction of methyl suaveolate with
lithium aluminum hydride, which gave 5 in high yield.

In order to confirm the structural hypothesis and to es-
tablish the relative stereochemistry of 1 and 5, an X-ray
determination of the structure of methyl suaveolate was
undertaken. A computer-generated drawing of the final
X-ray model is shown in Figure 1.° A double bond is
clearly indicated between C-8 and C-8 in 2. The OH group
at C-14 is in the « configuration and hydrogen bonded to
the methanol of crystallization, with an O-O distance of
2.65 A. The isopropyl group at C-13 is in the 8 configura-

tion,
Although oxygen substitution at C-12 of the abietane

skeleton is commonplace,19 oxygenation at C-14 is rare.
The structures of suaveolic acid (1) and suaveolol (5) are
also unusual in that the oxygenated C ring is nonaromat-
ic.

Experimental Section
General. Melting points were taken on a Thomas-Hoover capil-
lary melting point apparatus and are uncorrected. Optical rota-
tions were measured on a Perkin-Elmer 141 polarimeter. Ultravio-



