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tration showed primarily isomer 28b and only a trace of 28a by
TLC (above). Chromatography on alumina (neutral, activity III)
and elution with ethyl acetate—hexane (1:4) gave 151 mg (63%)
of isomer 28b. Equilibration of 15 mg of pure isomer 28b under
the same conditions showed a small amount of isomer 28a by TLC.
16a- and 168-(Carbomethoxy)-20-epivelbanamines (28¢,d).
Reduction of 490 mg (1.38 mmol) of di-20-epipandoline with 400
mg (10.6 mmol) of sodium borohydride in 6 mL of acetic acid for
10 min, as above, gave 208 mg (42%) of the 16a-carbomethoxy
isomer 28¢ on crystallization from methanol and another 65 mg
(13%) after chromatography of the mother liquors on alumina
(neutral, activity III), eluting with 4:1 hexane-ethyl acetate, in
addition to 33 mg (6.7%) of isomer 28d. Two further minor
products were detected by TLC, giving orange color reactions with
CAS spray like the N-ethyl-2,16-dihydropandoline (29a).
Isomer 28¢ (methanolate): recrystallized from methanol, mp
203-206 °C; TLC (Merck silica, dichloromethane-5% methanol),
R; 0.7, grey-green with CAS spray; UV (ethanol) Ay, (log ) 230
(4.36), 286 (3.86), 291 (3.83) nm; IR (KBr) v, 3550, 3375, 1725,
1460, 1435, 1330, 1315, 1260, 1200, 1170, 1040, 1010, 930, 800, 750
cm™t; NMR (CDC),) 6 8.62 (1 H, br s), 7.54-6.98 (4 H, m), 5.04
(1 H,d), 3.68 (3 H, s), 3.45 (CH;OH), 0.93 (3 H, t); mass spectrum
identical with that of 28a. Anal. Caled for CyHeN,03CH,OH:
C, 68.01; H, 8.30; N, 7.21. Found: C, 68.14; H, 8.24; N, 7.05.
Isomer 28d: perchlorate, recrystallized from methanol, mp
238-241 °C; TLC (as above), R; 0.3, green with CAS spray; UV

(HCl salt, ethanol) Ay, (log €) 228 (4.44), 285 (4.0), 2.93 (3.97);
IR (HCIO, salt, KBr) vy, 3510, 3390, 3170, 1730, 1720 (shoulder),
1460, 1440, 1340, 1305, 1290, 1230, 1165, 1105, 1060, 1025, 935,
905, 840, 750 cm™'; NMR (CDCl; free base) 6 8.92 (1 H, br s),
7.48-6.92 (4 H, m), 3.84 (1 H, dd), 3.64 (3 H, 5), 0.71 (3 H, t); mass
spectrum, as for 28¢ except for decreased fragment peaks at m/e
257, 143, 124 and an increased peak at m/e 226 for 28d.
Equilibration of the seco 20-epipandolines 28¢,d under the
conditions described for the seco pandolines 28a,b showed

analogous conversions but a relatively decreased rate of conversion
of 28¢ to 28d.
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(+)-Physoperuvine, (+)-physoperuvine, and (+)-N,N-dimethylphysoperuvinium salt (anion unknown) were
isolated from the roots of Physalis peruviana. Their structures were advanced on the basis of spectral and chemical
evidence. These alkaloids comprise the first group of biogenetically interesting secotropane alkaloids.

The genus Physalis is reputed for elaborating Cyg ster-
oidal lactones, physalins and withanolides.! In addition
to the isolation® of these groups of compounds from the
leaves of Physalis peruviana L. (Solanaceae family), the
presence of the alkaloids® tigloidine and 3-«-(tigloyloxy)-
tropane was also detected in the roots of this plant. In the
present paper we report that systematic fractionation of
the alkaloidal constituents of the roots of P. peruviana
yielded three alkaloids, none of which corresponded to
either of the alkaloids® earlier reported from this source,
and these were proved to be altogether new alkaloids. In
a previous paper’ we reported the structure of physope-
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'H NMR and mass spectral evidence. We present here the
detailed data in support of the structure and absolute
configuration of physoperuvine and two of its congeners
which comprise a new group of alkaloids and may appro-
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Scheme I, Mass Spectral Fragmentation Pathways of
Physoperuvine (1), N-Benzoylphysoperuvine (2), and
N-Benzoylphysoperuvine-d, (2a)
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priately be termed as secotropanes.®

(+)-Physoperuvine (1) was crystallized from dry acetone
as deliquescent needles; mp 152-153 °C; [a]p +1.2°.
Analytical results and mass spectrometric molecular weight
determination (M*, 141) established its molecular formula
as CgH;;NO. The alkaloid was recognized as a secondary
amino ketone from its infrared spectral bands at 3300
(NH) and 1698 cm™! (ketone) and from the observation
that it furnished an N-benzoyl derivative (2) which in turn
gave a crystalline oxime: C;5HyN,0, (M*, 260); mp 98 °C.
The 'H NMR spectrum of N-benzoylphysoperuvine
[CisH1oNO, (M*, 245), mp 136-137 °C, [a]p +95.6°]
showed signals associated with five aromatic protons (¢
7.36, 5 H, s), an N-methyl group (6 2.86, 3 H, s), and a
methine proton (5 4.35, 1 H, br) in addition to two sets of
methylene signals centered around 6 1.92 (6 H, br) and 2.46
(4 H, br). Brief reflux of 2 with alkaline D,0 gave a tet-
radeuterio derivative (2a), the 'H NMR spectrum of which
differed from that of the former only by the absence of
four-proton methylene signals around 6 2.46 and thus in-
dicated the presence of a CH;,COCH, system in physope-
ruvine. The structural units of the alkaloid were thus
ascertained to be CH,COCH,, CHNHCH;, and three
CH,’s, and further, the alkaloid was proved to be mono-
cyclic from valency calculation. Of the several structures
that can be built up by assembling these units, 8-meth-
ylaminocycloheptanone (1) was considered to be the most
logical one not only on the basis of mass spectral peaks
(Scheme I) but also in view of its structural resemblance
with tropinone (3) or other tropane alkaloids which are
quite common in the family Solanaceae. The correctness
of this structure was also verified by *C NMR spectral
analysis of 2. The chemical shifts (in parts per million)
of different carbon resonance signals are shown in the

(8) R. L. Clarke in *“The Alkaloids”, Vol. XVI, R. H. F. Manske, Ed.,
Academic Press, 1977, p 94.
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Figure 1. CD curves of physoperuvine (1) and N-benzoyl-
physoperuvine (2).

structure. Conclusive evidence in support of 1 came from
the synthesis of N,N-dimethylphysoperuvinium iodide (4,
X = I) by Michael-type addition of dimethylamine to
2-cyclohepten-1-one and subsequent quaternization of the
resultant base with methyl iodide. The synthetic sample
was indistinguishable from N,N-dimethylphysoperuvinium
iodide, prepared by refluxing a solution of 1 in dry acetone
with methyl iodide in presence of potassium carbonate.
Both samples showed identical IR and *H NMR spectra
and also the same melting point, indicating that the syn-
thetic sample presumably exists as a racemic solid solution.
Both physoperuvine (1) and its N-benzoyl derivative (2)
showed positive Cotton effects around 290 nm (Figure 1)
which were the same as that reported for (R)-(+)-3-
methylcycloheptanone.? On the basis of this observation,
the monosubstituted cycloheptanone derivative physope-
ruvine was proved to have the R configuration.
Following the (+)-physoperuvine from the chromato-
graphic column was some (x)-physoperuvine which was
isolated as a noncrystallizable, viscous oil. It showed the
same molecular ion peak and mass fragmentation pattern
as those observed for physoperuvine and gave a crystalline
benzoyl derivative [C;sH;sNO, (M*, 245), mp 137 °C]
identical in all respects with 2, with the only difference
being that its specific rotation was observed to be £0°.
Precipitation of the total water-soluble base fraction as
its Mayer’s complex, treatment of the aqueous suspension
of the complex with anion-exchange resin (IRA 400, CI-
form), and subsequent chromatography of the concen-
trated aqueous extract led to the isolation of a crystalline
quaternary base chloride [C;,H;NOCI], mp 257-258 °C,
[a]p +88.8° (H,0)] which showed a distinct keto carbonyl
absorption at 1702 cm™ and displayed a Zimmermann
color reaction like physoperuvine. Hofmann elimination
of quaternary base gave trimethylamine which was trapped
as its ethiodide: C;Hy,NI; mp 316-318 °C. The 'H NMR
spectrum of the ethiodide showed a nine-proton singlet at
6 3.19 for three N-methyls, a three-proton triplet of trip-
lets!® (J = 7 and 2 Hz) at & 1.43 for the methyl of the ethyl
group adjacent to the quaternary nitrogen, and a two-
proton quartet with fine splitting (J = 7 Hz) at & 3.5 for
the methylene group. The nonnitrogenous part of the
Hofmann degradation product was obtained as an in-
tractable gum, presumably due to extensive polymeriza-
tion, and it could not be characterized. The molecular

(9) C. Djerassi, B. F. Burrow, C. G. Oberberger, T. Takakoshi, D. C.
Gutsche, and T. C. Chang J. Am. Chem. Soc., 85, 949 (1963).
(10) P. G. Gassmann and D. C. Heckert J. Org. Chem., 30, 2859 (1965).
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formula of the compound taken in conjunction with the
presence of a trimethylammonium side chain and a car-
bonyl function in the molecule suggested that it was N,-
N-dimethylphysoperuvinium chloride (4, X = Cl). This
supposition was verified by conversion of N,N-dimethyl-
physoperuvinium iodide to the corresponding chloride salt
by treatment with ion-exchange resin (IRA 400, Cl~ form),
and the two compounds were found to be indistinguishable
from each other. Since the quaternary salt isolated was
converted to a chloride salt in the process, the natural
alkaloid is thus represented by 4 with the identity of X
unknown.

The alkaloids, though akin to tropinone, are quite in-
teresting from a biogenetic viewpoint. The present
knowledge of the biogenesis!! of tropane bases indicates
that these alkaloids cannot be intermediates and are
probably formed by fission of the bicyclic tropinone
through Hofmann-type elimination and subsequent re-
duction of the double bond.

Experimental Section

Melting points are uncorrected. 'H NMR spectra were de-
termined in the stated solvents by using a Varian A-60D in-
strument unless otherwise stated; the chemical shifts are reported
in parts per million and coupling constants () in hertz. IR spectra
were recorded on a Perkin-Elmer spectrometer, Model 257, as
Nujol mulls and UV spectra were recorded in spectral methanol
on a Cary 14 spectrophotometer. Optical rotations were measured
with JASCO Dip 180 photoelectric polarimeter and CD spectra
on a Durrum-JASCO ORD/UV-5 spectropholarimeter with a
Sproul Scientific SS-20 modification. TLC was performed on silica
gel G (Centron) and column chromatography on silica gel (BDH)
with stated solvents. Roots of Physalis peruviana were collected
from the fields in the suburbs of Varanasi, India, and a voucher
specimen is on file.

Extraction of P. peruviana Roots and Initial Fractiona-
tion. Ground roots (2.5 kg) were percolated to exhaustion with
ethanol (95%), and the extract was evaporated to dryness at
reduced pressure. The residue was suspended in 5% aqueous citric
acid, stirred mechanically for 3 h, and then filtered. The filtrate
was washed with an equal volume of CHCl; and then brought to
pH 9.0 with NH,OH. The basic solution was extracted ex-
haustively with CHCl; (1.5 L) in a liquid-liquid extractor. The
CHCI; extract was concentrated to a small volume (10 mL) as
a viscous oil (fraction A). The aqueous ammonia left after CHCI,
extraction was acidified with dilute HC], and the water-soluble
alkaloids present in this fraction were precipitated as Mayer’s
complex by addition of Mayer’s reagent. The light gray precipitate
was filtered, washed free from excess of reagent, suspended in
ion-free water, and stirred with IRA 400 (CI") resin until the
exchange was complete. The clear aqueous solution was separated
from the resin and concentrated to a brown gum (fraction B) in
a rotary vacuum evaporator.

Chromatography of Fraction A. Fraction A was chroma-
tographed on silica gel (200 g), collecting fractions of 0.1 L for
analysis. The column was initially eluted with EtOAc (1 L),
followed by a mixture of MeOH in EtOAc (10%).

Physoperuvine (1). The residue (2.9 g) from fractions 16-23
was crystallized from dry acetone to yield 2.5 g of colorless
crystalline physoperuvine (1): mp 153 °C; &, 0.58 on TLC with
n-BuOH-MeOH-NH,OH-H,0 (2:2:1:1); [a]p +1.2° (¢ 1.30, H;0);
[0] 284 +293; UV Apax 273 nm (e 12.3); IR 3300 (NH), 1698 cm™
(ketone); 'H NMR (D;0) 2.1 (br, 5 CH,), 2.76 (s, 3 H, NMe), 3.86
{(br, 1 H, CHNHR); mass spectrum, m/e (relative intensity) 141
(36, M™), 113 (24), 98 (39), 84 (39), 70 (100), 57 (85).

N-Benzoylphysoperuvine (2). A mixture of physoperuvine
(0.2 g}, Et3N (1 mL), and PhCOCI (1 mL) was kept overnight,
and the reaction mixture was worked up in the usual manner to
afford N-benzoylphysoperuvine (0.21 g) which crystallized from
benzene as colorless needles: mp 136 °C; [a]p +95.6° (¢ 1.3,

(11) G. Fodor in “The Alkaloids™, Vol. XIII, R. H. F. Manske, Ed.,
Academic Press, 1971, p 384.
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CHCly); CD [6]588 +7809; IR 1700, 1628 cm™; *H NMR (CDCl,)
61.92 (br, 6 H, 3 CHy), 2.46 (br, 4 H, 2 CH,), 2,86 (s, 3 H, NMe),
4.36 (br, Wy = 15 Hz, 1 H, CHNCOPh), 7.36 (s, 5 H, Ar H); mass
spectrum, m/e (relative intensity) 245 (44, M%), 217 (9), 202 (3),
188 (10), 174 (24), 161 (22), 140 (19), 136 (99), 105 (100), 77 (97).

Anal. Caled for C;HgNOo: C, 73.46; H, 7.75; N, 5.71. Found:
C, 73.50; H, 8.10; N, 5.43.

N-Benzoylphysoperuvine-d, (2a). N-Benzoylphysoperuvine
(0.2 g), which is soluble in hot water, was warmed with 0.1 N KOH
in Dy0 on a water bath for 2 h. The reaction mixture was cooled
and extracted with ether. The ether extract was washed, dried,
and evaporated to give a white residue (0.19 g) which was crys-
tallized from benzene as colorless needles of 2a: mp 136 °C; 'H
NMR (CDCl,) 6 1.92 (br, 6 H, 3 CH,), 2.86 (s, 3 H, NMe), 4.36
{(br, 1 H, CHNCOPh), 7.36 (s, 5 H, Ar H); mass spectrum, m/e
(relative intensity) 249 (40, M*); 220 (5), 206 (2), 190 (8), 176 (13),
163 (3), 161 (12), 160 (15), 144 (12), 137 (50), 105 (100), 77 (97).

Preparation of the Oxime of N-Benzoylphysoperuvine.
To a mixture of N-benzoylphysoperuvine (0.27 g), hydroxylamine
hydrochloride (0.12 g), ethanol (4 mL), and water (1 mL) was
added powdered NaOH (0.22 g) in portions at room temperature.
The mixture was refluxed for 10 min and then poured into 4 N
HCI (10 mL). The solution was freed from EtOH and then
partitioned between HyO and CHCl;. The CHCI; extract was
washed, dried, and evaporated to give a solid residue (0.22 g) which
crystallized from Me,CO as colorless needles: C,;HyN,09; mp
98 °C; IR (KBr) 1628 (benzamide), 1610 cm™; 'H NMR (90 MHz,
CDCly) 6 1.72 (br, 6 H, 3 CH,), 2.45 (br, 4 H, 2 CH,), 2.76 and
2.98 (2 s, 1.5 H each, NMe for two geometrical isomers), 3.30 and
4.40 (br, 0.5 H each, CHN), 7.33 (s, 5 H, Ar H), 8.55 (s, 1 H,
=NOH); mass spectrum, m/e (relative intensity) 260 (7, M*),
243 (74), 212 (36), 184 (9), 174 (8), 155 (32), 136 (36), 122 (14),
111 (33), 105 (100), 77 (97).

Preparation of (+)-N,N-Dimethylphysoperuvinium lod-
ide from (+)-Physoperuvine. To a solution of (+)-physope-
ruvine (0.5 g) in dry Me,CO (150 mL) were added anhydrous
K,CO; (5 g) and CH3l (4 mL), and the reaction mixture was
refluxed for 1.5 h and filtered hot to remove the inorganics. The
filtrate on concentration gave colorless needles of 4 (X = I): mp
288 °C; IR (KBr) 1702 em™}; 'H NMR (D,0) 6 2.1 (br, 10 H, 5
CH,), 3.15 (s, 9 H, NMe,), 3.83 (br, 1 H, CHN).

Anal. Caled for C,jHyNOL C, 40.40; H, 6.74; N, 4.71. Found:
C, 40.91; H, 6.87; N, 4.35.

Total Synthesis of (+)- N,N-Dimethylphysoperuvinium
Todide (4, X = I). To a 2 M aqueous solution of dimethylamine
was added 2-cyclohepten-1-one (0.8 g) in MeOH (5 mL), and the
mixture was kept at room temperature for 1 h, MeOH was
evaporated off, and the residue was partitioned between CHCI,
and 5% aqueous AcOH. The acid solution was basified (NH,OH)
and extracted with CHClg, and the CHCI; extract was washed,
dried (NaySO,), and evaporated to give a basic gum (0.44 g) which
was chromatographed over Al,O5. Elution with CH,Cl, afforded
a homogeneous oil which was taken in Me,CO, treated with excess
of CH,I (2 mL), and kept in a refrigerator overnight. The sep-
arated crystals were filtered and crystallized from acetone as
needles (mp 287-288 °C), indistinguishable from the corresponding
product described above from physoperuvine (co-TLC, IR, 'H
NMR, melting point).

(z)-Physoperuvine. The residue (0.25 g) from column
fractions 25-28 was obtained as a reddish brown gum which was
filtered through an alumina column to obtain a light yellow ho-
mogeneous liquid: R;0.58 on TLC plates with n-BuOH-MeOH-
NH,OH-H,0 (2:2:1:1); {a]p +£0° (¢ 1.3, H,0). Benzoylation of
this homogeneous liquid by the usual procedure yielded a crys-
talline solid [mp 136-137 °C, [a]p +0° (¢ 1.3, CHCl,)] which was
indistinguishable from 2 in spectral properties (IR, 'H NMR, and
mass spectra) and TLC behavior.

N,N-Dimethylphysoperuvinium Chloride (4, X = Cl). The
crude quaternary alkaloid fraction (fraction B) was separated on
a column of silica gel (200 g), collecting 0.1-L fractions for analysis.
The eluting solvents were EtOAc (0.5 L), and the following
mixtures of MeOH in EtOAc: 10% (0.7 L), 25% (0.9 L), 40%
(I L), and 75% (1 L.). The residue from fractions 23-31 was
obtained as a colorless solid which was crystallized from MeOH
to yield 0.3 g of colorless needles of 4 (X = Cl): mp 255-258 °C;
[e]p +88.8° (¢ 1.3, Hy0); R; 0.41 on TLC with n-BuOH-MeQH-



3268 J. Org. Chem. 1980, 45, 3268-3274

NH,OH-H,0 (2:2:1:1); IR 1702 cm™}; *"H NMR (D,0) 6 2.10 (br,
10 H, 5 CH,), 3.15 (s, 9 H, NMejy), 3.83 (br, 1 H, CHN).

Anal. Caled for C,gHNOCL C, 58.39; H, 9.75; N, 6.81. Found:
C, 58.31; H, 9.92; N, 6.58.

Hofmann Degradation of 4 (X = Cl). A 0.2-g sample of 4
(X = Cl) was dissolved in 30 mL of aqueous ethanolic KOH (1
N), the solution was refluxed on a water bath for 2 h in an N,
atmosphere, and the outgoing gas was bubbled through an eth-
anolic solution of Etl. Removal of solvent from the bubbler
furnished a white solid (0.08 g) which crystallized from EtOH as
needles: mp 316-318 °C; *H NMR (D,0) 3.19 (s, 9 H, NMe,),
1.43 (tt, J = 7 and 2 Hz, 3 H, N*CH,CHj,), 3.50 (q, J = 7 Hz, 2
H, N*CH,CH,;). The nonbasic fraction left in ethanolic alkali
was obtained as a gum which could not be purified for identifi-
cation.

Conversion of N,N-Dimethylphysoperuvinium Iodide to
Quaternary Alkaloid 4 (X = Cl). N,N-Dimethylphysoper-
uvinium iodide (0.3 g) was dissolved in ion-free water (30 mL),
and the solution was stirred with anion-exchange resin (IRA 400,
CI form) for 4 h. The aqueous solution was filtered from the resin
and evaporated to dryness under reduced pressure. The solid
residue was crystallized from MeOH as colorless needles: 0.12

g; mp 255-258 °C; [a]p +86.2° (¢ 1.0, H,0); indistinguishable from
the chloride salt of the natural quaternary base (melting point,
mixture melting point, co-TLC, IR).
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Elasnin (CyH,0,), isolated from the cultured broth of Streptomyces noboritoensis KM-2753, is a new specific
inhibitor of human granulocyte elastase. Evidences based on spectral analyses, chemical degradations, and
biosynthetic means using a '*C-labeled precursor established its structure as 1, having a highly alkylated 4-
hydroxy-a-pyrone, rather than a 2-hydroxy-v-pyrone, as the most likely skeletal structure. Structural comparison
between elasnin and its methyl ether obtained by CH,N, treatment was investigated, using UV data and *C-13C
couplings in both compounds biosynthetically enriched with [1,2-13CJacetate. Structural change from a-pyrone
to y-pyrone occured in the methylation of elasnin with CH,N, but not in the acetylation with acetic anhydride

in pyridine.

In our screening program for inhibitors of human
granulocyte elastase, a new inhibitor designated as elasnin
was isolated from the culture filtrate of Streptomyces
noboritoensis KM-2753.%% Elasnin markedly inhibits
human granulocyte elastase, but it is almost inactive
against pancreatic elastase, chymotrypsin, and trypsin.*
The present paper deals with the structural elucidation
of elasnin on the basis of chemical degradations and a
biosynthetic investigation using a *C-labeled precursor and
1BC NMR spectroscopy.®

Elasnin (1) (Chart 1) is a lipophilic colorless and viscous
oil: CyH 40, mass spectrum, m/z (M*, 392); n*", 1.4983;
[a]®¥y —0.9° (c 1, EtOH); UV (EtOH) A 291 nm (e 7760).
The IR (CCl,) spectrum of 1 exhibited characteristic ab-

(1) S. Omura, H. Ohno, T. Saheki, M. Yoshida, and A. Nakagawa,
Biochem. Biophys. Res. Commun., 83, 704 (1978). -

(2) H. Ohno, T. Saheki, J. Awaya, A, Nakagawa, and S Omura, J.
Antibiot., 31 (11), 1116 (1978).

(3) A. Janoff, Annu. Rev. Med., 23, 177 (1972).

(4) Studies on the protease inhibitors arising from Streptomyces have
been summarized in the following reviews: (a) T. Aoyagi and H. Ume-
zawa, Cold Spring Harbor Conf. Cell Proliferation, 2, 429-454 (1975); (b)
H. Umezawa, Methods Enzymol., 45B, 678-695 (1976); (¢) H. Umezawa
and T. Aoyagi, “Proteinases of Mammalian Cells and Tissues”, A. J.
Barrett, Ed., ASP Biological and Medical Press, Amsterdam, 1977, pp
637-662.

(5) S. Omura, A. Nakagawa, and H. Ohno, J. Am. Chem. Soc., 101,
4386 (1979).

sorption bands due to methylenic and methyl groups at
2960 and 2860 cm™, a ketone carbonyl at 1715 cm™, a
conjugated ester carbonyl at 1665 cm™, and a double bond
at 1636 cm™!. The 25.2-MHz 3C NMR spectrum of 1
shows the presence of a ketone carbonyl at 6 207.0, an ester
carbonyl at either § 165.5 or 164.7, and four quaternary
olefinic carbons at either 6 165.5 or 164.7, 153.8, 115.0, and
104.3, as shown in Figure 4 (A). The appearance of four
methyl carbons completely overlapped at § 13.9, thirteen
methylenic carbons at 6 22.4-40.3, and a methine at 6 54.7
suggests the existence® of four linear C, and Cj; alkyl chains
in 1.

Acetylation of 1 with acetic anhydride and pyridine
afforded monoacetyl elasnin (2): CyH,,05, mass spectrum,
m/z (M?*, 434); UV A, 306.5 nm (¢ 7200). The IR
spectrum of 2 exhibited the absorption band for enolic
ester carbonyl at 1775 em™, indicating the presence of an
enolic hydroxyl group in 1. This was also confirmed from
the formation of the methyl ether 3: C,;H,,0, mass
spectrum, m/z (M*, 406); UV A.,, 262 nm (e 7890); 'H
NMR 6 3.8 (s, 3 H OCH,). 3 is obtained by the treatment

(8) The assignment of each alkyl carbon in the *C NMR spectra of
all compounds was mainly carried out on the basis of the data and ref-
erences listed in: J. B. Stothers, “Carbon-13 NMR Spectroscopy”, Aca-
demic Press, New York, 1972, and L. F. Johnson and W. C. Jankowski,
“Carbon-13 NMR Spectra”, Wiley-Interscience, New York.
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