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2,4-Dinitroestrone (1d). To a hot solution of 1a (0.270 g, 0.001
mol) in acetic acid (10 mL) was added 100% nitric acid (0.135
mL, 0.003 mol). After cooling at room temperature (3 h), the
solution was poured into ice and the yellow precipitate filtered
off and rinsed with water. Practically pure 1d was obtained in
90% yields (0.324 g). One crystallization from ethanol afforded
an analytically pure sample: mp 175-177 °C; 'H NMR 4 0.95 (s,
3 H, 18'CH3), 8.30 (S, 1 H, C'l). Anal. Caled for ClBH20N206:
C, 60.00; H, 5.55 N, 7.77 Found: C, 59.73; H, 5.65; N, 7.68.
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Numerous physiologically active compounds contain an
a,B-butenolide system.? Umbelactone (1a) is an example
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of a naturally occurring v-(hydroxymethyl)-a,8-butenolide
which was isolated recently from Memycelon Umbelatum
Burm.?* The crude extract of this plant has been shown
to exhibit activity against Ranikhe disease virus and also
to have spasmolytic and antiamphetamine activity.
We report the first synthesis of (£)-1a via preparation
of its benzyl derivative 1b followed by removal of the
hydroxyl protecting group by catalytic hydrogenation.
Two routes were employed for the synthesis of 1b. The
first and shorter of these involved preparation of lithium
(E)-3-lithio-2-butenoate (2a) by treatment of the corre-
sponding bromo acid 2b with 2 equiv of n-butyllithium in
ether at —78 °C® and reaction of this organolithium reagent
with (benzyloxy)acetaldehyde followed by acidification.
The approach allowed the preparation of 1b in 61% yield
and in a single operation but it suffers from the disad-
vantage that the starting bromo acid 2b is not readily
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available. In fact, the best procedure that we have found
for the preparation of 2b allowed its isolation in less than
10% yield. This involved the Favorskii rearrangement of
a mixture of tribromobutanones to a mixture of 2b and
the isomeric (Z)- and (E)-3-bromo-2-methylpropenoic acids
and isolation of the desired product by crystallization.68

Recently, we found that 8-bromo-a,8-butenoclides may
be prepared by reaction of lithium (E)-3-bromo-3-lithio-
propenoates, e.g., 3a, with carbonyl compounds in tetra-
hydrofuran (THF) or diethyl ether at -78 °C followed by
acidification.? It appeared that if the bromobutenolide
4 could be synthesized by this method that it should be
possible to replace the halogen atom by a methyl group
by using an appropiate cuprate reagent.’® This approach
to butenolide 1b was also successful, but we were able to
accomplish the last step only in low yield.

The organolithium reagent 3a, which was required for
the synthesis of 4, was prepared by treatment of the cor-
responding (E)-bromo acid 3b with 2 equiv of n-butyl-
lithium in THF at -78 °C. ((E)-Bromo acid 3b was easily
prepared by heating a neat sample the corresponding Z
isomer,!!? which is readily available from Favorskii rear-
rangement of tribromoacetone,!* at 120 °C for 3 h.) Re-
action of 3a with (benzyloxy)acetaldehyde in THF -78 °C
followed by acidification gave the 8-bromobutenolide 4 in
65% yield. Treatment of this compound with the lithium
dimethylcuprate-dimethyl sulfide complex!? at —78 °C for
4 h followed by warming of the mixture to -30 °C, workup
under acidic conditions, and separation of the product from
the unreacted 8-bromobutenolide by preparative thin-layer
chromatography allowed the isolation of the desired 8-
methylbutenolide 1b in 28% yield (the yield was 55%
based upon unrecovered starting material). Several at-
tempts, using the lithium dimethylcuprate reagent, were
made to improve the yield in the conversion of 4 into 1b.
When the reaction was run at =30 °C rather than -78 °C,
a significant amount of what appeared to be the 3,y-double
bond isomer of 4 was recovered. This suggested that at
the higher temperature partial deprotonation of the bu-
tenolide by the cuprate reagent had occurred. When a
longer reaction time or a larger excess of the cuprate
reagent was employed, a smaller quantity of starting ma-
terial was recovered, but the isolated yield of 1b was not
improved. Lithium methyl(thiophenyl)cuprate has been
used successfully for the conversion of cyclic 8-halo enones
into the corresponding 8-methyl enones.'®* However, at-
tempts to use this reagent for the conversion of 4 into 1b
were unsuccessful.

Hydrogenolysis of the benzyl group in 1b in ethyl alcohol
containing 10% palladium—carbon at atmospheric pressure
gave crude (*)-umbelactone (la) in ~90% yield. Sub-
jection of the material to preparative TLC gave pure
(£)-1a, mp 60-62 °C. The synthetic material showed IR
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and NMR (*H and 3C) spectral properties identical with
an authentic sample of {(+)-umbelactone.!*

The mass spectra of the two samples were also the same
within experimental limits on our instruments. However,
on electron impact ionization a peak at m/e 129 (M + 1)
was the highest mass peak, and on chemical ionization a
peak at m/e 257 corresponding to a protonated dimer
structuer was observed. Apparently, umbelactone has a
very strong tendency to associate in the gas phase.’® An
isomer of la having the methyl group at the « rather than
the 3 position exhibited the same kind of mass spectral
behavior as that of 1a. We are currently investigating the
mass spectral properties of other v-(hydroxymethyl)bu-
tenolides.

Experimental Section!®

Reaction of Lithium (E)-3-Lithio-2-butenoate (2a) with
(Benzyloxy)acetaldehyde. To a solution of 1.65 g (10 mmol)
of (Z)-3-bromo-2-butenoic acid in 100 mL of anhydrous ether at
-78 °C was added dropwise with stirring under nitrogen 18.00
mL (20 mmol) of 1.08 M n-butyllithium. The reaction mixture
was stirred for 4 h at —78 °C, and a solution of 1.50 g (10.00 mmol)
of (benzyloxy)acetaldehyde in 10 mL of anhydrous ether was
added dropwise with stirring. The mixture was stirred for 3 h
at -78 °C and allowed to warm to room temperature. Water (50
mL) was added, and after the layers were separated, the aqueous
layer was acidified with 3 N HC! and extracted with three 30-mL
portions of ether. The combined ethereal extracts were washed
with a saturated solution of NaHCO; and with a saturated brine
solution and dried over anhydrous magnesium sulfate. After
removal of the solvent in vacuo the crude sample was subjected
to preparative TLC on silica gel plates with 1:1 ethyl acetate-
hexane as the eluting solvent to yield 1.33 g (61%) of the bu-
tenolide 1b as a colorless oil: IR (CCl,) 3060, 3020, 2900, 2855,
1785, 1645, 1480, 1450, 1435, 1380, 1360, 1282, 1165, 1145, 1115,
1069, 937, 858, 845, 630 cm™L; 'H NMR (CCl,) 6 2.18 (d, J = 1 Hz,
3 H), 3.75(d, J = 4 Hz, 2 H), 4.60 (m, 2 H), 4.82 (m, 1 H), 5.78
(m, 1 H), 7.24 (m, 5 H); mass spectrum, m/e (70 eV) M* 218.0980
(caled 218.0943).

Reaction of Lithium (E)-3-Bromo-3-lithiopropenoate (3a)
with (Benzyloxy)acetaldehyde. To solution of 2.0 g (13.3 mmol)
of (E)-3-bromopropenoic acid (3b) in 150 mL of anhydrous THF
was added dropwise with stirring at 78 °C under nitrogen 18.0
mL (22.5 mmol) of 1.25 M n-butyllithium. The mixture was
stirred for 4 h at —78 °C, and a solution of 1.0 g (6.67 mmol) of
(benzyloxy)acetaldehyde in 10 mL of dry THF was added drop-
wise via a syringe. The mixture was stirred for 3 h at <78 °C and
then allowed to warm to room temperature. Water (50 mL) was
added, and the aqueous layer was separated, acidified with cold
3 N HCI and extracted with three 20-mL portions of ether. The
combined ethereal extracts were washed with two 20-mL portions
of a saturated solution of NaHCQ; and two 20-mL portions of
saturated brine and dried over anhydrous magnesium sulfate.
After removal of the solvent in vacuo recrystallization of the
residue from low-boiling petroleum ether gave 1.23 g (65%) of
butenolide 4 as off-white crystals: mp 57.0-58.0 °C; IR (CCly)
3020, 2920, 2850, 1785 (br), 1605, 1540, 1450, 1360, 1320, 1240,
1140, 1051, 1000, 920, 850 cm™'; 'H NMR (CCl,) 6 3.80 (4, J =
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2 Hz, 1 H), 3.85 (d, J = 2 Hz, 1 H), 4.52 (s, 2 H), 4.94 (m, 1 H),
6.02 (d, 2 Hz, 1 H), 7.22 (m, 5 H). Anal. Calcd for C;,H;;BrO;:
C, 50.90; H, 3.92. Found: C, 50.93; H, 3.93.

Conversion of 3-Bromobutenolide 4 into the 5-Methyl-
butenolide 1b by Reaction with (CH;),CuLi-(CH;),S. A so-
lution of methyllithium (3.20 mL of 1.7 M CH;Li in ether) was
added dropwise with stirring under nitrogen to a solution of 0.8
g (4 mmol) of CuBr-S(CHj), in 5 mL each of (CHj),S and an-
hydrous ether at —20 °C until the initially formed yellow pre-
cipitate of CH3Cu just dissolved. The resulting colorless solution
was cooled to —78 °C, and a solution 0.56 g (2.00 mmol) of bu-
tenolide 4 in 10 mL of dry THF was added dropwise with stirring.
The mixture was stirred at =78 °C for 4 h and allowed to warm
to —30 °C, and 1 mL of 2 N HCI| was added. Then, 250 mL of
a saturated solution of NH,C] was added, and the mixture was
stirred vigorously for 15 min while being allowed to warm to room
temperature. The mixture was filtered, and the layers were
separated. The organic layer was washed with a saturated brine
solution and dried over anhydrous magnesium sulfate. After
removal of the solvent in vacuo the residue was subjected to
preparative TLC on silica gel plates using 1:1 ethyl acetate-hexane
as the developing solvent. This led to the recovery 0.28 g of the
starting butenolide 4 and 0.12 g (55% based upon unrecovered
starting material) of the 8-methylbutenolide 1b. The product
showed spectral properties identical with those reported above.

Preparation of (+)-Umbelactone (1a). A stirred mixture
of 100 mg of 5% palladium—carbon in 20 mL of absolute ethyl
alcohol was presaturated with hydrogen. Then, 0.42 g of the
butenolide 1b in 10 mL of absolute ethyl alcohol was added via
a syringe. Hydrogenolysis of the mixture was carried out at 25
°C and 1 atm until the theoretical amount of hydrogen (~40.00
mL) was absorbed. The catalyst was removed by filtration, and
the ethyl alcohol was removed in vacuo. The residue oil was
dissolved in 50 mL of ether, and the solution was dried over
anhydrous magnesium sulfate. After removal of the solvent in
vacuo the residue was subjected to preparative TLC on silica gel
plate using a 4:1 hexane—ethyl alcohol mixture to give 0.19 g (76%)
of (%)-umbelactone la, mp 60-62 °C.

Registry No. (*)-1a, 84412-93-1; (£)-1b, 84304-02-9; 2b,
591-02-6; 3b, 69169-56-8; (x)-4, 84304-03-0; (benzyloxy)acet-
aldehyde, 60656-87-3.
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The antineoplastic antibiotic 6-diazo-5-oxo-L-norleucine
(1, Scheme I), commonly known as DON, was first isolated
by Dion and colleagues? from a Peruvian soil Streptomyces
and by Rao and co-workers?® from Streptomyces ambofa-
ciens. About 20 years ago DON was given a few brief
human trials and found e.g., to cure two of four patients
with choriocarcinoma and one of four with testicular
cancer. DON also proved effective in correcting hyper-
calcemia and hypercalciuria arising from bone metastases
typical of breast cancer.* In the same period several total
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