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A synthesis of the sesquiterpene ipomeamarone (1) is described. Reaction of the anion of dimethyl 2-0x0-4-
methylpentanephosphonate with 1l-acetoxy-1-(3-furyl)-4-pentanone (6b) followed by hydrolysis produced 1 as
well as epiipomeamarone (2). Kinetic and equilibrium mixtures from the cyclization reaction contained 1 and 2
in approximately equal amounts. The epimers were separated by high-pressure liquid chromatography and

characterized.

The presence of the sesquiterpene ipomeamarcne (1)2 in
mold-damaged sweet potatoes is well known.?:* The enan-
tiomer of ipomeamarone and an epimer (2) have been
found in Myoporum deserti.57 As part of an investigation
of other toxic metabolites found in moldy sweet potatoes,
a convenient synthetic source of ipomeamarone was re-
quired.

i
[—)/CHa 0 O/CchCHQCH (CHy),
- O K " .’ O S
!/ § CH,CCH.CH(CH,), {/ § CH,
O 0

1 2

Kubota has described a synthesis in which a key step
was addition of diisobutylcadmium to acid chloride 3.t
The reaction gave a 13% yield of material identified as epi-
ipomeamarone (2) and apparently no ipomeamarone, The
main product was the tricyclic ketone 4. Treatment of 2
with potassium acetate and acetic anhydride gave so-

called acetylisoipomeamarone, saponification of which
gave material identical with that produced when natural

CH30 CH3

|
T O Yence

0 0

| {(CHy),CHOH,J,Cd
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0
3 4

ipomeamarone was treated in the same manner. Acetyl-
isoipomeamarone was later shown to be a mixture of cis
and trans isomers 5a- and 5b.7@ Saponification of 5a,b was
originally thought to give only the cis-substituted tetrahy-
drofuran derivative 1,8 but a recent report indicates that
the reaction actually gives a mixture of 1 and 2.7 Presum-
ably both arise from 5a; 5b must initially isomerize to 5a
before Michael addition can occur. However, it is not
clear whether 1 and 2 are formed directly from 5a or
whether one is the kinetic product and the other arises by
subsequent equilibration. Regardless of the stereochemical
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uncertainties of the published synthesis, the low overall
yield precluded its use for synthesis of useful quantities of
ipomeamarone.

Ac H3
CHCH,CH,C=CHCCH,CH(CH,), +
KOAc
Ac,0 / \

0 5a

OAc CH; O

CHCH,CH ==CCH,CCH,CH(CH;),

o

0 5b

The present approach to the synthesis of 1 also involved
5a and was based on the availability of 1-(3-furyl)-1-hy-
droxy-4-pentanone (1-ipomeanol, 6a). 1-Ipomeanol is an-
other of the toxic substances found in sweet potatoes and
its synthesis has been outlined in a previous publication.?
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a R=H
b, R = Ac.
a, NaH, DME, BrCH,CO,Et; b, H,0*;
¢, NaOH, NaBH,; d, MeLi, —78°
The condensation of the acetate derivative (6b) of 1-ipo-
meanol with the anion of dimethyl 2-o0xo-4-methylpen-
tanephosphonate produced 5a in 80% yield.

Saponification of 5a using Kubota’s conditions gave
material which the nmr spectrum indicated was an ap-
proximately equal mixture of 1 and 2. The compounds can
be distinguished in CCls solution; the isopropyl methyl
groups of 1 appear as two doublets whereas those of 2 ap-
pear as only one doublet.” Sutherland has shown that
equilibration of 1 and 2 with sodium methoxide gave a 1:1
mixture of the two compounds;? thus a stereoselective
synthesis is possible only if the initial cyclization gives
only 1or2.

The saponification reaction was further investigated by
scanning repeatedly the nmr spectrum of a solution of 5a
in methanolic sodium hydroxide. A singlet at 5 2.12, as-
signed to the vinylic methyl group of 5a, decreased in size
rapidly, completely disappearing within 15 min. Simulta-
neously a new singlet at 6 1.35 appeared. The latter is as-
signed to the methyl group attached to the tetrahydrofu-
ran rings of 1 and 2. This process was complete within 15
min. In the isopropyl region a change from a single dou-
blet to two approximately equal doublets was noted. This
represents an equal mixture of 1 and 2; in methanol the
nmr spectra of 1 and 2 each have only one doublet for the
isopropyl methyl groups, slightly displaced from one an-
other so that mixtures of 1 and 2 exhibit four lines. After
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isolation of the saponification product and redissolution in
CCls the nmr confirmed that 1 and 2 were present in
equal quantities. Natural ipomeamarone was treated with
methanolic sodium hydroxide in the same fashion. After
treatment for 1 hr only a trace of the epimer was present.
Clearly epimerization of 1 is much slower than the forma-
tion of 1 and 2 from 5a. It must be concluded that the cy-
clization process is nonstereoselective and that formation
of 1 and 2 occurs at about the same rate.

In view of the failure of these attempts to achieve a ste-
reospecific synthesis, methods for separation of the epim-
ers were investigated. Sutherland has been able to sepa-
rate 1 and 2 by analytical glpc but was unable to apply
the separation on a preparative basis.” We readily ob-
tained separation by high-pressure liquid chromatography
on Corasil II; small-scale preparative separations were
carried out with a 2.3 mm i.d. X 5 m column with ether-
pentane (1:19) as eluent.

The nmr spectrum of the more rapidly eluted compo-
nent was essentially the same as that reported for epiipo-
meamarone, while the spectrum of the other was identical
with that of natural ipomeamarone. Semicarbazones were
prepared from both compounds, (+)-Ipomeamarone semi-
carbazone melted at 114-115°. A lower melting point
(109-110.5°), previously reported by Kubota,* was appar-
ently for some mixture of the two epimers. The melting
point of (=+)-epiipomeamarone semicarbazone (102-103°)
corresponded more closely to the previous report.*

Separations of large quantities of 1 and 2 remain im-
practical, but the mixture should prove useful for further
toxicity studies, since it appears that all isomers have the
same toxicity and physiological effect. Intraperitoneal ad-
ministration of the synthetic mixture to mice indicates
that it is hepatotoxic and has the same potency as the
natural product obtained from sweet potatoes

Experimental Section

Infrared spectra were obtained using a Perkin-Elmer Model 621
spectrophotometer. Nmr spectra were obtained using a Varian
A-60 or JEOL JMN-MH-100 spectrophotometer with tetrameth-
ylsilane as internal standard. High-pressure liquid chromatogra-
phy was carried out using a Waters Associates Model ALC202 lig-
uid chromatograph. Microanalyses were performed by Galbraith
Laboratories, Knoxville, Tenn. Mass spectra were obtained using
an LKB gas chromatograph-mass spectrometer Type 9000, Melt-
ing points were taken on a Thomas-Hoover capillary melting
point apparatus and are corrected.

1-(3-Furyl)-1-hydroxy-4-pentanone (6a). Ethyl (3-furoyl)ace-
tatet (41.0 g, 0.23 mol) dissolved in 50 ml of freshly distilled di-
methoxyethane (DME) was added to a stirred suspension of 5.75
g (0.25 mol) of sodium hydride in 150 ml of DME. After 10 min,
48 g (0.29 mol) of ethyl bromoacetate in 50 ml of DME was added
and the mixture was stirred at room temperature overnight, then
poured into 250 m! of water and extracted with ether. After
drying, the ether was removed to give 100 g of crude diethyl 2-(3-
furoyl)succinate, which was immediately suspended in 100 ml of 6
N HCI and 50 ml of acetone and heated at gentle reflux for 5 hr.
After this time part of the acetone was removed and the aqueous
solution was extracted repeatedly with ether. Extraction of the
ether solution with saturated sodium bicarbonate, acidification of
the bicarbonate solution, and extraction with ether gave 20.4 g
(64%) of 3-(3-furoyl)propionic acid, mp 146-149°. Recrystalliza-
tion of the material gave a light yellow solid, mp 148-150°, ir
(Nujol) 3500-2300, 1710, and 1660 cm 1.

Anal. Caled for CgHgO4: C, 57.14; H, 4.79. Found: C, 57.29; H,
4.69.

The 3-(3-furoyl)propionic acid (20.4 g, 0.12 mol) was dissolved
in 200 m! of water containing 5 g of sodium hydroxide. To this so-
lution was added 5.0 g (0.13 mol) of sodium borohydride in 50 ml
of water containing a few drops of 10% sodium hydrox1de The
mixture was stirred at room temperature for 10 min, acidified,
and extracted with ether. After removal of the ether, the residue
was dissolved in benzene containing a trace of p-toluenesulfonic
acid and refluxed for 5 min. Chromatography on silica gel using
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16% ether in hexane as eluent gave 15.7 g (856%) of 4-(3-furyl)-
butyrolactone, ir (neat) 1770 cm~1.

Anal. Caled for CgHgOs: C, 63.15; H, 5.30. Found: C, 63.02; H,
5.25.

4-(3-Furyl)butyrolactone (5.8 g, 38 mmol) was dissolved in 100
ml of anhydrous ether and cooled to —78° under a nitrogen atmo-
sphere. Methyllithium (41 mmol) was added slowly; the mixture
was stirred at ~78° for 10 min and then allowed to warm to room
temperature. Sufficient water was added to form two layers; the
ether layer was separated, dried, and concentrated. Chromatogra-
phy on basic alumina (activity V) using 10% ether in hexane as
eluent gave 5.6 g (88%) of 6a: ir (neat) 3400, 3110, 1705, and 1500
cm~1; nmr (CCly) 6 2.22 (s, 3 H, CHa), 2.0-2.2 (m, 2 H, 2-CHa),
2.66 (t, J = 7 Hz, 2 H, 3-CHa), 2.80 (broad singlet, 1 H, OH), 4.86
(t,J = 7Hz, 1 H, 1-CH), 6.64 (m, 1 H, 4-furyl), and 7.67 (m, 2-
and 5-furyl). Additional nmr signals at 6 1.6 and 5.0-5.3 indicate
that the compound exists partly as a hemiketal 20

Anal. Caled for CgH;203: C, 64.27; H, 7.19. Found: C, 64.16; H,
7.19.

1-Acetoxy-1-(3-furyl)-4-pentanone (l-Ipomeancl Acetate,
6b). 1-Ipomeanol (6a, 1.0 g, 6 mmol) was treated with 4 ml of
pyridine and 1.6 ml of acetic anhydride at room temperature for 2
days. Excess reagents were removed under reduced pressure to
give 1.3 g of 6b, ir (CCly) 3135, 1730, and 1715 cm 1.

Anal. Caled for C11H1404: C, 62.85; H, 6.71. Found: C, 62.78;
H, 6.82,

1-Acetoxy-1-(3-furyl)-4,8-dimethylnon-4-en-6-one (5a). Di-
methyl 2-oxo-4-methylpentanephosphonate}! was prepared from
dimethyl methanephosphonate and ethyl isovalerate in a manner
similar to that described by Buchi for the preparation of diethyl
2-oxopropanephosphonate:2 nmr (CCly) 6 0.93 [d, J = 7 Hz, 6 H,
CH(CHy)z), 2.25 [seven-line multiplet with 7 Hz separation be-
tween lines, 1 H, CH(CHa)s], 2.50 (d, J = 7 Hz, 2 H, 3-CHy), 3.04
(d, JP-H = 24 HZ, 2 H, 1-CH2), and 3.78 (d, JP_H =11 HZ, 6 H,
OCHz3). The phosphonate (2.2 g, 11 mmol) was added to 0.28 g
(11 mmol) of sodium hydride suspended in 10 ml of DME. After
10 min, 1.3 g (6 mmol) of 1-ipomeanocl acetate was added. The
mixture was stirred at 55° under nitrogen for 36 hr. The cooled
reaction mixture was chromatographed on silica gel without fur-
ther work-up. Elution with 5% ether in hexane gave 1.4 g of 5a:72
ir (CCly) 3130, 1740, 1690, and 1620 cm~1; nmr (CCly) 6 0.92 [d, J
= 7 Hz, 6 H, CH(CHzs)2], 1.98 (s, 3 H, acetyl CHs), 2.10 (broad
singlet, 3 H, vinyl CH3), 2.0-2.7 (m, 7 H), 5.70 (three-line multi-
plet, 1 H, 1-CH), 6.0 (two-line multiplet, 1 H, vinyl CH), 6.36 (m,
1H, 4-furyl), and 7.40 (m, 2 H, 2- and 5-furyl); m/e 292.

Saponification of 5a. A solution of 5a (100 mg) in 2 ml of
methanol and 2 ml of 1 N sodium hydroxide was heated on a
steam bath for 1 hr. Isolation by ether extraction gave material
for which the nmr spectrum corresponded to that of natural ipo-
meamarone but had additional signals primarily in the § 1.0 re-
gion. The two major components which were present in about
equal amounts were separated by high-pressure liquid chromatog-
raphy on a 5 m X 2.3 mm i.d. Corasil Il column using 5% ether in
pentane as eluent. The first was identified as (£)-epiipomeamar-
one (2): ir (CCly) 3135, 1710, 1500, 1465, 1370, 1165, 1030, 915, and
875 ecm~1; nmr (CCly) 6 0.90 [d, J = 6 Hz, 6 H, CH(CH3)z], 1.24
(s, 3 H, 4-CHs), 1.8-2.4 (m, 7 H), 2.56 (s, 2 H, 5-CHy), 4.82 (m, 1
H, 1-CH), 6.28 (m, 1 H, 4-furyl), and 7.32 (m, 2 H, 2- and 5-
furyl). The semicarbazone of 2 melted at 102-103° after two re-
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crystallizations from carbon tetrachloride-hexane. The second
peak was identified as (+)-ipomeamarone (1): ir (CCly) 3135,
1710, 1505, 1465, 1370, 1165, 1030, 920, and 875 cm~1; nmr (CCly)
6 083 (d, J = 7 Hz) and 0.85 (d, J = 7 Hz), total of 6 H
[CH(CHa)2), 1.23 (s, 3 H, 4-CHj), 1.8-2.4 (m, 7 H), 2.55 (s, 2 H,
5-CHg), 4.86 (m, 1 H, 1-CH), 6.30 (m, 1 H, 4-furyl), and 7.32 (m,
2 H, 2- and 5-furyl). The semicarbazone of 1 melted at 114-115°
after two recrystallizations from carbon tetrachloride-hexane.

A-solution of 50 mg of 5a in 0.25 ml of methanol containing 1
drop of 10% sodium hydroxide was placed in each of two nmr
tubes and the saponification was followed by nmr. The vinyl
methyl singlet at ¢ 2.12 disappeared in approximately 15 min;
during the same period a new singlet was appearing at § 1.35. A
second doublet appeared in the isopropyl region. The contents of
one tube were poured into a suspension of anhydrous magnesium
sulfate in ether as soon as the vinyl methyl signal at § 2.12 had
disappeared. The other tube was allowed to stand at room tem-
perature for 2 days, after which time an additional drop of base
was added and the mixture was allowed to stand for an addition-
al day. At the end of this time it was worked up in the same way
as the first. In both cases the saponified material after isolation
from the ethereal solution gave an nmr spectrum (CCly) identical
with that of the 1:1 mixture of 1 and 2 described above.

Acknowledgment. This work was supported by Train-
ing Grant 5 TO1 ES00112-07 and Center in Toxicology
Grant ES00267 to Vanderbilt University from U. S. Public
Health Service.

Registry No.—1, 51703-93-6; 2, 51703-94-7; 5a, 51703-95-8; 6a,
34435-70-6; 6b, 51593-60-3; ethyl (3-furoyl)acetate, 36878-91-8; 3-
(3-furoyl)propionic acid, 51593-61-4; 4-(3-furyl)butyrolactene,
51593-62-5; dimethyl 2-oxo-4-methylpentanephosphonate, 41162-
17-8.

References and Notes

) To whom correspondence should be addressed.

(2) (25,5R)-(+)-1-[5-(3-Fury)tetrahydro-2-methyl-2-furyl]-4-methyl-2-
pentanone.

(3) (a) M. Hiura, Giru Nosen Gakujitsu Hokoku, 50, 1 (1943}; (b} H.
Watanabe and H. iwata, J. Agr. Chem. Soc. Jap., 26, 180 (1952).

(4) (a) T. Kubota and T. Matsuura, J. Chem. Soc., 3667 (1958); (b) T.
Kubota, Tetrahedron, 4, 68 (1958).

(8) The enantiomer of ipomeamarone was originally isolated from M.

laetum Forst., the Ngaio tree, and given the frivial name ngaione.®

The epimer 2 has been given the trivial name epingaione.”

(8) F.H.McDowall, J. Chem. Soc., 127, 2200 (1925).

(7) (a) B. F. Hegarty, J. R. Kelly, R. J. Park, and M. D. Sutherland,
Aust. J. Chem., 23, 107 (1970); (b) W. D. Hamilton, R. J. Park, G.
J. Perry, and M. D. Sutherland, ibig., 26, 375 (1973).

(8) (a) A. J. Birch, R, A. Massy-Westropp, S. E. Wright, T. Kubota, T.
Matsuura, and M. D. Sutherland, Chem. Ind. (London}, 902
(1954); (b) C. W. Brandt and D. J. Ross, J. Chem. Soc,, 2778
(1959).

(9) M. R. Boyd, L. T. Burka, T. M. Harris, and B. J. Wilson, Biochim.
Biophys. Acta, 337, 184 (1974). o

(10) The fact that 6a exists partly as a hemiketal is not surprising; see,
for example, J. Huet and J. Dreux, C. R. Acad. Sci., 258, 4570
(1964).

(11) P. A. Grieco and C. S. Pogonowski, J. Amer. Chem. Soc., 95, 3071
(1973).

(12) G. Buchi and J. E. Powell, Jr., J. Amer. Chem. Soc., 92, 3126
(1870).



