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chloride in 10 mL of dry CH,Cl, was stirred at 0 °C for 0.5 h under
nitrogen, then hydrolyzed by 20 mL of 4 N HCI, and extracted
four times with 50 mL of CH,Cl,. The combined organic layers
were washed twice with 50 mL of water, dried over magnesium
sulfate, and concentrated under reduced pressure. The remaining
solid was chromatographed on silica gel (eluent: cyclohexane/
AcOEt, 1/1) to yield 60 mg (90%) of anthraquinone 10a as a
yellow solid, mp 183-184 °C (lit."* mp 181-183 °C).

1,5-Dimethoxy-9,10-anthraquinone (10b). A suspension of
60 mg (0.25 mmol) of anthraquinone 10a, 0.35 mL (5.6 mmol) of
methy! iodide, and 376 mg (1.6 mmol) of silver oxide in 7 mL of
CH,Cl, was stirred in the dark at room temperature for 41 h and
then filtered on Celite. The filtrate was concentrated under
reduced pressure, giving 63 mg (100%) of anthraquinone 10b, mp
240-241 °C, which was identified (mixed melting point) with an
authentic sample? (1it.? mp 241-242 °C).
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2(5H)-Furanones and 5-alkylidene-2(5H)-furanones
(A%-butenolides) are well-known as basic components of
naturally occuring compounds, some of which display a
wide range of characteristic physiological properties.! In
addition, they often serve as useful synthetic intermediates
in the stereoselective construction of substituted vy-buty-
rolactones via conjugate addition or catalytic hydrogena-
tion of the double bond.? For example, this approach was
used in total syntheses of avenaciolide® along with its re-
lated compounds* and recently has been successfully re-
alized in the stereoselective synthesis of brassinolide.’ In
this work the 5-alkylidene-2(5H)-furanone was hydrogen-
ated to the corresponding vy-butyrolactone, providing
stereochemical control of four contiguous centers.
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Despite the great variety of available synthetic meth-
ods,® scant attention has been paid to practical and ef-
ficient synthesis of 3,5-di- or 3,4,5-trisubstituted 2(5H)-
furanones 1 and 3-alkyl-5-alkylidene-2(5H)-furanones 2.

In this paper, we report a novel and efficient synthesis
of 3,5-di- or 3,4,5-trisubstituted 2(5H)-furanone analogues
1 in two steps: namely, the cross-aldol condensation of
a-keto dimethyl acetal 3 and ketone 5 (or the enol ether
equivalent 4) to lead to the adduct 6, followed by acid-
promoted cyclization of 6 to 2(5H)-furanone 1 (as shown
in Scheme I).
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Table I. Preparation of Aldol Adducts®
df;]:ﬁg,l TMS enol ether ketone
entry acetal, R! method R? R® R? R® product yield, %
1 3a, Me A H PhCH,CH, 6a 60
2 3a, Me A H p-Cl-Ph 6b 65
3 3a, Me A H t-Bu 6c 57
4 3a, Me A Me Et 6d 57
5 3b, Et A H t-Bu 6e 53
6 3a, Me B H CH=C(Me), 6f 62
7 3a, Me C H CH,CO,Me 6g 67
8 3a, Me C CH,CH=CH, CH,CO,Me 6h 73
9 3¢, Bu C H CH,CO,Me 61 70

% Conditions are described in this article.
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In this method, the alkyl (or aryl) substituents (R!, R?,
and R?) can be easily introduced into 1 because R! is from
the readily accessible a-keto dimethyl acetal 8 and R? and
R? are from ketone 5 or trimethylsilyl enol ether 4. o-Keto
dimethyl acetals can be readily prepared by substitution
of the corresponding halides with the anion derived from
the N,N-dimethylhydrazone of 1,1-dimethoxy-2-
propanone, followed by acid hydrolysis.”

The first step, the aldol reaction, was conducted with
three alternative conditions according to the nature of the
ketone employed. (A) Simple ketones were converted to
the TMS enol ether and allowed to react with 3 in the
presence of AlCl; (2.2 equiv) at -20 °C ~ 0 °C8 (B)
a,B-Unsaturated ketones were treated with lithium diiso-
propylamide at —78 °C and allowed to react with 3 at 78
°C to 0 °C. (C) B-Keto esters were treated with lithium
diisopropylamide (2.2 equiv) to generate the dianion,’
which were allowed to react with 3 at 0 °C (as shown in
Scheme II). These results are summarized in Table L
Unfortunately, the reaction between the enolate anion of
the simple ketones and a-keto dimethyl acetal 3 was
generally found to give mixtures of the aldol adducts.

The second and key step of this synthesis involved an
unusual cyclization reaction of the aldol 6 to the 2(5H)-
furanone 1 and was carried out in acidic conditions.
Among several conditions screened, the use of saturated
HC1/CHCI; at 0 °C to room temperature gave the best
results in yield, as shown in Table IIL

A plausible mechanism'® to account for this transfor-
mation is given in Scheme III. Thus, on treatment of the
aldol adduct 6 with acid, carbocation 7 is initially formed
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(8) The use of 2.2 equiv of AlCl; was found to give the best result in
yield. This reaction proceeded chemoselectively toward the ketone
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allylsilane and 1,1-dimethoxy-2-propanone: Ojima, I.; Kumagai, M.
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Table II. Transformation of Aldol Adducts to
2(5H)-Furanones

entry substrate condition® 2(5H)-furanone yield, %
1 6a A la 82
2 6a B la 25
3 6a C la 42
4 6a D la 58
5 6b A b 71
6 6c A le 62
7 6d A 1d 78
8 Ge A le 65
9 6f A 1f 72
10 6g A 1g 78
11 6h A 1h 68
12 6i A 1i 83

“Conditions: (A) saturated HCl/CHCl;, 0 °C ~ r.t; (B) I N
HC1/MeOH, 0 °C; (C) BF3Et,0 (2.0 equiv), 0 °C; (D) CF,CO,H
(6%)/CH,CL, 0 °C ~ r.t.
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because the acetal is the most susceptible function of 6.
The carbocation 7 is in turn expected to cyclize to di-
hydrofuran 8, followed by dehydration, to afford furan 9
which is transformed into the 2(56H)-furanone 1.

This speculation, i.e., that the cyclization to dihydro-
furan 8 precedes the dehydration of the tertiary alcohol
in 6, may be supported by the following experimental
results (as shown in Scheme IV). Each of the diastereo-
mers,!! which were separable by column chromatography,
was subjected to the transformation to afford the 2-
(5H)-furanone 1d in nearly equal yield. When the E-rich
enone (10, E/Z = 83:17)!2 prepared from 6b was treated

(11) The faster eluent is the major isomer. The relative stereochem-
istry (threo/erythro) of the isomers (6d) was not assigned.

(12) The assignment and the ratio of E or Z were determined by 'H
NMR (270 MHz) observation of methyl protones. E, § 2.15 (d, J = 1.7
Hz); Z, 5 1.98 (d, J = 2.0 Hz).
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with saturated HClI/CHCI; (the same conditions), the
corresponding 2(5H)-furanone 1b was obtained in only
10% yield accompanied by a mixture of other unidentified
materials.

Finally, it was found that 5-alkylidene-2(5H)-furanone
(11, E/Z = 22:78) could be successfully obtained from
1f by base-catalyzed isomerization employing 1,8-diaza-
bieyclo[5.4.0]Jundec-7-ene (DBU).

— DBU —
o= 0
0 o

Toluene
u 1 E/Z:= 22 : 78
(72 %)

In summary, novel and practical syntheses of 3,5-di- or
3,4,5-trisubstituted 2(5H)-furanone derivatives have been
achieved. This method allows the preparation of a variety
of the 2(5H)-franone derivatives in just two steps and is
applicable to a wide range of substrates.

Experimental Section

Melting points were determined on a hot stage microscope
apparatus (Yanagimoto) and were uncorrected. 'H NMR spectra
were recorded on a Hitachi R-24 B spectrometer (60 MHz) or
JOEL GX-270 spectrometer (270 MHz) using TMS as an internal
standard in CDCl;. ¥C NMR spectra were recorded on a Hitachi
R-90 H spectrometer. IR spectra were determined with a Hitachi
270-30 spectrophotometer. MS and HRMS spectra were obtained
with a Hitachi GC/MS M-80 instrument. Microanalytical data
were provided by Sumika Analysis Center (Osaka).

1,1-Dimethoxy-2-butanone (3b) was prepared by the known
method’ from 1,1-dimethoxy-2-propanone dimethylhydrazone and
iodomethane followed by hydrolysis: bp 125128 °C/760 mmHg;
'H NMR 6 4.57 (s, 1 H), 3.40 (s, 6 H), 2.58 (q, 2 H, J = 7 Hz),
1.10 (t, 3 H, J = 7 Hz).

1,1-Dimethoxy-2-heptanone’ (3¢): bp 92-94 °C/11 mmHg;
'H NMR 6 4.57 (s, 1 H), 3.40 (s, 6H), 2.58 (t, 2 H, J = 7 Hz),
1.10-1.80 (m, 8 H), 0.90 (t, 3 H, J = 7 Hz).

5-Hydroxy-6,6-dimethoxy-5-methyl-1-phenyl-3-hexanone
(6a): Typical Procedure of Method A. To a stirred suspension
of AlCl; (2.93 g, 22 mmol) in CH,Cl, (20 mL) was added a solution
of 4-phenyl-2-(trimethylsiloxy)-1-butene (2.20 g, 10 mmol) and
1,1-dimethoxy-2-propanone (1.18 g, 10 mmol) at -20 °C, and the
resultant mixture was stirred at the same temperature for 1 h.
After being stirred at 0 °C for 5 h, the reaction mixture was poured
onto ice~water and extracted with CH,Cl, (20 mL X 2). The
combined extracts were washed with water, saturated aqueous
NaHCOs;, and brine and were dried (Na,SO,). Removal of the
solvent under reduced pressure and flash column chromatography
on Si0, using CHCl;/EtOAc (20:1) as eluent gave 1.61 g (60%)
of 6a as a colorless liquid: ‘H NMR 6§ 7.20 (m, 5 H), 4.10 (s, 1
H), 3.48 (s, 3 H), 3.45 (s, 3 H), 2.85 (m, 4 H), 283 (d,1 H, J =
16 Hz), 2.38 (d, 1 H, J = 14 Hz), 1.20 (s, 3 H); IR (film) 3440, 2190,
1700, 1440, 1350, 1060 cm™.. Anal. Caled for C;sHy,04 C, 67.64;
H, 8.33. Found: C, 67.51; H, 8.21.

3-Hydroxy-4,4-dimethoxy-3-methyl-1-(4-chlorophenyl)-1-
butanone (6b) (method A): colorless liquid; !H NMR § 7.49 (d,
2 H,J =10Hz),6.90(d, 2 H,J =10 Hz), 4.65 (s, 1 H), 3.55 (s,
3H),350(s,3H),342(d,1H,J =16 Hz),288(d,1 H,J =16
Hz), 1.30 (s, 3 H); *C NMR 6 200.1, 139.4, 136.0, 129.7, 128.6, 110.2,
75.3, 57.8, 42.6, 23.4; IR (film) 3550, 3000, 2900, 1700, 1615, 1420,
1120 em™. Anal. Caled for C3H,,ClOg: C, 57.25; H, 6.28. Found:
C, 57.05; H, 6.20.

5-Hydroxy-6,6-dimethoxy-2,2,5-trimethyl-3-hexanone (6¢)
(method A): colorless liquid; 'TH NMR 6 5.00 (1 H, s, OH), 4.10
(s, 3 H), 3.45 (s, 3H), 3.42 (s, 3 H), 293 (d, L H, J = 16 Hz), 2.72
(d, 1 H, J = 16 Hz), 1.65 (s, 9 H), 1.20 (s, 3 H); IR (film) 3450,
3050, 1710, 1450.

5-Hydroxy-6,6-dimethoxy-4,5-dimethyl-3-hexanone (6d)
(method A), colorless liquid. Faster eluent (41% yield): '"H NMR

(13) The assignment and the ratio of E or Z were determined by 'H
NMR (270 MHz) observation of ylidene proton. E, é 5.43 (m); Z, § 6.23
(m).

Notes

5 4.30-4.40 (br s, 1 H, OH), 3.97 (s, 1 H), 3.45 (s, 3 H), 3.40 (s,
3 H), 3.71 (q, 2 H, J = 8 Hz), 2.30-3.00 (m, 1 H), 1.10 (s, 3 H),
1.05(d, 3 H, J = 7 Hz), 1.00 (d, 3 H, J = 7 Hz); IR (film) 3470,
3000, 2950, 1710, 1460, 1080 cm™!. Anal. Caled for C,,H,,O4 C,
58.80; H, 9.87. Found: C, 59.05; H, 9.85.

Slower eluent (16% yield): 'H NMR 5 4.10 (s, 1 H), 3.50 (s,
6 H), 3.00-3.10 (brs, 1 H, OH), 2.85 (q, 1 H, J = 8 Hz), 2.52 (q,
2 H,J =8Hz), 1.20 (s, 3 H), 1.10 (d, 3 H, J = 7 Hz), 1.00 (t, 3
H,J = 7 Hz); IR (film) 3550, 3040, 1730, 1485, 1400, 1100 cm™.
Anal. Found: C, 58.63; H, 9.76.

5-Hydroxy-5-(dimethoxymethyl)-2,2-dimethyl-3-heptanone
(6e) (method A): colorless liquid; 'H NMR 6§ 4.80 (1 H, s, OH),
4.10 (s, 1 H), 3.45 (s, 3 H), 2.95 (d, 1 H, J = 16 Hz), 2.72 (d, 1
H, J =16 Hz), 1.30-1.70 (m, 2 H), 1.65 (s, 9 H), 0.90 (t, 3 H, J
= 7 Hz); IR (film) 3490, 3000, 1705, 1490 cm™. Anal. Calcd for
C,Hy O, C, 62.04; H, 10.41. Found: C, 61.86; H, 10.35.

6-Hydroxy-7,7-dimethoxy-2,6-dimethyl-2-hepten-4-one (6f):
Typical Procedure of Method B. To a stirred solution of
diisopropylamine (1.11 g, 11 mmol) in THF (20 mL) was added
BulLi (6.9 mL, 1.60 M) at 0 °C under a nitrogen atmosphere. After
15 min, the resultant mixture was cooled to -78 °C, and 4-
methyl-3-penten-2-one (0.98 g, 10 mmol) in THF (5 mL) was
added dropwise, followed by stirring at the same temperature for
1 h. Then 1,1-dimethoxy-2-propanone (1.18 g, 10 mmol) in THF
(5 mL) was added dropwise and the reaction mixture was allowed
to warm to 0 °C. Saturated aqueous NH,Cl (50 mL) was added
to the reaction mixture, and the mixture was extracted with ether
(20 mL X 2). The combined extracts were washed with water and
brine and dried (MgSO,). Removal of the solvent under reduced
pressure and flash column chromatography on SiO, using CHCl,
as eluent gave 1.33 g of 6f (62%) as a colorless liquid: 'H NMR
4 6.10 (m, 1 H), 4.30 (s, 1 H, OH), 4.10 (s, 1 H), 3.82(d,1 H, J
= 16 Hz), 3.53 (s, 3 H), 3.50 (s, 3 H), 3.43 (d, 1 H, J = 16 Hz),
2.18(d,3H,J =1.5Hz),1.91(d, 3 H,J = 1.5 Hz), 1.20 (s, 3 H);
IR (film) 3500, 3000, 1680, 1620, 1450, 1100 cm™. Anal. Calcd
for C;;HyO4: C, 61.09; H, 9.32. Found: C, 60.98, 9.25.

Methyl 4-Hydroxy-5,5-dimethoxy-4-methyl-2-0xo-
heptanoate (6g): Typical Procedures of Method C. (Ac-
cording to Weiler’s method of the dianion technique.?) To a stirred
suspension of NaH (0.44 g, 60% mineral oil dispersion, 11 mmol)
in THF (20 mL) was added methyl acetoacetate (1.16 g, 10 mmol)
in THF (5 mL) at 0 °C under a nitrogen atmosphere. After
hydrogen gas was evolved, BuLi (6.9 mL, 1.60 M) was added
successively to the reaction mixture at 0 °C. After 15 min, to the
resultant solution was added 1,1-dimethoxy-2-propanone (1.18
g, 10 mmol) in THF (10 mL) dropwise, followed by stirring at
0 °C for 30 min. Saturated aqueous NH,Cl (50 mL) was added
to the reaction mixture, and the mixture was extracted with ether
(20 mL X 2). The combined extracts were washed with water and
brine and dried (MgSO,). Removal of the solvent under reduced
pressure and flash column chromatography on SiO, using
CHCl;/EtOAc (20:1) as eluent gave 1.568 g (67%) of 6g as a yellow
liquid: 'H NMR 6 4.10 (s, 1 H), 3.70 (s, 3 H), 3.55 (s, 2 H), 3.45
(s, 6 H),2.90(d,1H,J =14 Hz),250 (d,1 H, J = 14 Hz), 1.20
(s, 3 H); IR (film) 3540, 2970, 1760, 1720, 1450, 1335, 1080 cm™,
Anal. Caled for C,gH30q: C, 51.27; H, 7.75. Found: C, 51.10;
H, 7.66.

Methyl 3-allyl-4-hydroxy-5,5-dimethoxy-4-methyl-2-oxo-
heptanoate (6h) (method C): vellow liquid; 'H NMR 6 5.30-6.00
(m, 1 H), 4.75-5.15 (m, 2 H), 4.10 (s, 1 H, OH), 3.92 (s, 1 H), 3.65
(s, 3 H), 3.45 (s, 3 H), 3.40 (s, 2 H), 2.70-3.30 (m, 1 H); IR (film)
3520, 2950, 1760, 1720, 1620, 1440, 1290, 900 cm™. Anal. Calcd
for Ci3Hy04: C, 56.92; H, 8.08. Found: C, 56.99; H, 7.98.

Methyl 4-hydroxy-5,5-dimethoxy-4-methyl-2-ox0-4-
pentylheptanoate (6i) (method C): yellow liquid; 'H NMR 6
4.20 (s, 1 H, OH), 4.10 (s, 1 H), 3.70 (s, 3 H), 3.50 (s, 3 H), 3.48
(s,3H),2.75(d, 1 H,J =16 Hz), 2.28 (d,1 H, J = 15 Hz), 1.10-1.60
(m, 8 H), 0.90 (t, 3 H, J = 6 Hz); IR (film) 3520, 2975, 1760, 1720,
1450, 1335 cm™l. Anal. Caled for C,;Hy404 C, 57.91; H, 9.03.
Found: C, 57.71; H, 8.94.

3-Methyl-5-(phenylethyl)-2(5 H)-furanone (la). A Typical
Procedure. To a stirred solution of CHCl; (4 mL) saturated with
HCl gas was added 5-hydroxy-6,6-dimethoxy-5-methyl-1-
phenyl-3-hexanone (6a, 532 mg, 2.0 mmol) in CHCl; (2 mL) at
0 °C. The resultant mixture was allowed to warm to room tem-
perature and was stirred for 15 min. Then, water was added to
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the reaction mixture, and the solution was extracted with CHCl,
(10 mL X 2). The combined extracts were washed with water and
brine and dried (Na,SO,). Removal of the solvent under reduced
pressure and column chromatography on SiQ, using CHCl; as
eluent gave 0.21 g of 1a as a colorless liquid: 'H NMR § 7.20-7.30
(m, 5 H), 7.00 (t,1 H, J = 1.5 Hz), 4.70-5.00 (m, 1 H), 2.65-2.90
(m, 2 H), 1.95-2.25 (m, 2 H), 1.95 (t, 3 H, J = 1.5 Hz); IR (film)
3040, 2950, 1760, 1660, 1500, 1460, 1100 cm™!; HRMS, calced for
C13H140, m/e 202.0995, found m/e 202.0966.
5-(p-Chlorophenyl)-3-methyl-2(5H)-furanone (1b): white
crystals; mp 77-79 °C; 'H NMR 6 7.10-7.45 (m, 5 H), 7.12 (¢, 1
H,J =2Hz),585(t, 1H,J=2Hz), 200 (t,3H,J = 1.5Hz);
IR (film) 1770, 1675, 1500, 1300, 1100, 1050, 840 cm™*; HRMS,
Cy1HClO m/e 208.0342, found m/e 208.0006.
5-tert-Butyl-3-methyl-2(5H)-furanone (l¢): white crystals;
mp 56-56 °C; 'H NMR 4 7.00 (t, 1 H, J = 1.5 Hz), 4.50 (m, 1 H),
1.92 (t, 3 H, J = 2 Hz), 0.97 (s, 9 H); IR (film), 2950, 1760, 1480,
1380, 1240, 1080 cm™. Anal. Calcd for C;H,,05: C, 70.10; H, 9.15.
Found: C, 69.98; H, 9.13.
5-Ethyl-3,4-dimethyl-2(5H)-furanone'* (1d): colorless liquid;
H NMR 6 4.60-4.90 (m, 1 H), 1.94 (s, 3 H), 1.80 (s, 3 H), 1.10-1.70
(m, 2 H), 0.90 (t, 3 H, J = 8 Hz); IR (film) 3000, 2900, 1760, 1700,
1450, 1340, 1090, 1000 cm™'; HRMS, caled for CgH,0, m/e
140.0838, found m/e 140.0828.
5-tert-Butyl-3-ethyl-2(5H)-furanone (le): colorless liquid;
H NMR § 7.05 (t, 1 H, J = 2 Hz), 4.58 (m, 1 H), 2.20-2.50 (m,
2 H), 1.20 (m, 3 H, J = 7 Hz), 0.98 (s, 9 H); IR (film) 2950, 1750,
1700, 1420, 1050 cm™'; HRMS, caled for C;;H,40, m/e 168.1151,
found m/e 168.1140.

3-Methyl-5-prenyl-2(5H)-furanone (1f): colorless liquid;
H NMR 4 7.05 (t, 1 H, J = 1.5 Hz), 5.38 (m, 1 H), 5.15 (m, 1 H),
1.90 (t, 2 H, J = 2 Hz), 1.72 (s, 3 H), 1.68 (s, 3 H); IR (film) 2950,
2900, 1750, 1440, 1200, 1080 cm™; HRMS, caled for CgH,,0, m/e
152.0838, Found m/e 152.0837.

Methyl 2,5-dihydro-4-methyl-5-oxofuran-2-acetate'® (1g):
colorless liquid; 'H NMR 6 7.10 (t, 1 H, J = 1.5 Hz), 5.25 (tt, J
=175 Hz,J = 1.5 Hz), 3.70 (s, 3 H), 2.65 (d, 2 H, J = 7 Hz), 1.95
(t, 3 H, J = 2 Hz); IR (film) 2970, 1775, 1755, 1670, 1450, 1180,
1060, 870 cm™L,

Methyl 3-allyl-2,5-dihydro-4-methyl-5-oxofuran-2-acetate
(1h): colorless liquid; 'H NMR 4 5.50-6.15 (m, 1 H), 5.20-5.40
(m, 2 H), 5.10 (m, 1 H), 3.70 (s, 3 H), 3.05-3.30 (m, 2 H), 2.92 (dd,
1H,J=15Hz,J = 4.5 Hz), 245 (dd, 1 H, J = 16 Hz, J = 8 Hz),
1.85 (d, 3 H, J = 2 Hz); IR (film) 2930, 1735, 1720, 1660, 1440,
1150, 1150, 1040 cm™. Anal. Caled for C,;H,,0. C, 62.85; H,
6.71. Found: C, 62.64; H, 6.66.

Methyl 2,5-dihydro-5-0x0-4-phenylfuran-2-acetate (1i):
colorless liquid; 'H NMR 6 7.00 (t, 1 H, J = 1.5 Hz), 5.15 (tt, J
= 8 Hz,J = 1.5 Hz), 3.68 (s, 3 H), 2.70 (d, 1 H, J = 4 Hz), 2.58
(d, 1 H, J = 4.5 Hz), 2.10-2.45 (m, 2 H), 1.15-1.70 (m, 6 H), 0.90
(t, 3 H, J = 5.5 Hz); 13C NMR 6 173.0, 169.5, 147.4, 134.7, 77.1,
51.9, 38.0, 31.4, 27.1, 25.2, 22.4, 13.9,; IR (film) 3000, 2960, 1770,
1455, 1190, 1080 em™'; HRMS, caled for C,oH 50, m/e 226.1208,
found m/e 226.1195.

1-(4-Chlorophenyl)-4,4-dimethoxy-3-methyl-2-buten-1-one
(10). To a stirred solution of 6b (5645 mg, 2.0 mmol) and (di-
methylamino)pyridine (20 mg, 0.16 mmol) in pyridine (2 mL) was
added acetic anhydride (505 mg, 5 mmol) at room temperature,
and the resultant mixture was stirred at room temperature for
3 h. Then the reaction mixture was poured onto ice-water and
extracted with ether (10 mL X 2). The combined organic phase
was washed with saturated aqueous CuSO, (30 mL X 2), water,
and brine and was dried (Na,SO,). Removal of the solvent under
reduced pressure and flash column chromatography on SiO, using
C¢H,4/Et,0 (3:1) as eluent gave 127 mg (25%) of 10 as a yellow
liquid: 'H NMR 67.83 (d,2H,J =10Hz),7.34(d,2H,J =10
Hz), 6.95 (q, 0.83 H, J = 1.7 Hz, E form), 6.60 (q, 0.17 H, J = 2.0
Hz, Z form), 4.70 (s, 1 H), 3.82 (s, 6 H), 2.15(d, 249 H, J = 1.7
Hz, E), 1.98 (d, 0.51 H, J = 2.0 Hz, Z). Anal. Caled for C;3H,;;0,Cl:
C, 61.30; H, 5.94. Found: C, 61.02; H, 5.69.

3-Methyl-5-(2-methylpropylidene)-2(5H)-furanone (11).
A mixture of 1f (304 mg, 2.0 mmol) and 1,8-diazabicyclo[5.4.0]-
undec-7-ene (DBU) (304 mg, 2.0 mmol) in toluene (5 mL) was

(14) Hong, P.; Mise, T.; Yamazaki, H. Chem. Lett. 1981, 989.
(15) Scharf, H. D.; Mattay, Leibigs Ann. Chem. 1977, 770.
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refluxed for 3 h and was cooled. Water was added to the reaction
mixture, and the mixture was extracted with toluene (10 mL).
The organic phase was washed with water and brine and was dried
(Na;S0,). Removal of the solvent under reduced pressure and
flash column chromatography on Si0O, using CgH,,/Et,0 as eluent
gave 111% (218 mg, 72%) as a colorless liquid. Further purification
by a preparative thin layer chromatography gave E and Z isomers
as pure compounds. E isomer: 'H NMR §7.79 (q, 1 H,J = 1.5
Hz), 6.23 (d, 1 H, J = 7.2 Hz), 2.55 (m, 1 H), 2.10 (d, 3 H, J =
1.5 Hz), 1.65 (d, 6 H, J = 7.0 Hz). Anal. Caled for CgHCL,04:
C, 71.03; H, 7.95. Found: C, 71.22, H, 7.68. Z isomer: 'H NMR
67.35(q,1H,J =15Hz),543 (d, 1 H, J = 85 Hz), 2.65 (m, 1
H),2.15(d, 3H,J = 1.5 Hz), 1.65 (d, 6 H, J = 7.0 Hz). Anal.
Found: C, 70.88; H, 7.85.

Registry No. la, 96250-05-4; 1b, 85671-08-5; 1¢, 112712-36-4;
1d, 79379-60-5; le, 112712-37-5; 1f, 112712-38-6; 1g, 64198-13-6;
1h, 112712-39-7; 1i, 112712-40-0; 3a, 6342-56-9; 3b, 6342-57-0; 3¢,
6344-10-1; 4 (R? = H, R® = (CH,),Ph), 59417-89-9; 4 (R = H, R3
= p-Cl-C4H,), 58518-76-6; 4 (R? = H, R® = Bu-t), 17510-46-2; 4
(R? = Me, R? = Et), 17510-47-3; 5 (R? = H, R? = CH=C(Me),),
141-79-7; 5 (R? = H, R® = CH,CO,Me), 105-45-3; 5 (R? = CH,-
CH=CH,, R? = CH,CO,Me), 100636-39-3; 6a, 112712-27-3; 6b,
112712-28-4; 6c, 112712-29-5; 6d (R*,R*), 112712-30-8; 6d (R*,5*),
112712-31-9; 6e, 112712-32-0; 6f, 112712-33-1; 6g, 112712-34-2;
6h, 92533-59-0; 6i, 112739-90-9; 10E, 112712-41-1; 10Z, 112712-
42-2; 11E, 112712-43-3; 11Z, 112712-44-4; 1,1-dimethoxy-2-
propanone dimethylhydrazone, 62752-81-2; 1,1-dimethoxy-2-
heptanone dimethylhydrazone, 112712-35-3.
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As a result of our continued interest in the design and
synthesis of mechanism based inhibitors of sterol biosyn-
thesis, we required multigram quantities of (35,5x,22F)-
ergosta-8,14,22-trien-3-ol acylated derivatives 1a,b and the
corresponding (38,5«)-cholesta-8,14-dien-3-ol derivatives
2a,b. Previous preparations of la,b have generally been
based on the pioneering work of Windaus,! who observed
the acid-catalyzed migration of the 5,7-diene of ergosterol
to yield a mixture of trienes. In classic early studies,
Fieser? and Barton® have employed this type of acid-cat-
alyzed rearrangement for the synthesis of 1a,b and 2a,b
from ergosterol 3a and 7-dehydrocholesterol (4a), respec-
tively, with variable success. They have shown that
HCl-catalyzed rearrangements of these steroidal dienes are
capricious, particularly in the case of 3a — 1a, frequently
giving low yields of the desired diene as one component
in a difficult to separate mixture of isomers of known and
unknown structures.® To our knowledge a detailed study
of the HCl-catalyzed homonuclear diene isomerization of
3a,b and 4a,b to produce 1a,b and 2a,b, respectively, has
not been conducted. In addition, anomolous undesired
isomers generated in the rearrangement have not been
isolated nor have their structures been identified. We have
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