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ABSTRACT

The reaction of 2,3-O-isopropylidene-D-glyceraldehyde (1) with active methylene
compounds in the absence of a catalyst involves facile and reversible addition to the
formyl group. The adducts are readily transformed into furan derivatives by acid
hydrolysis. When the reaction is catalysed with piperidine, unsaturated products are
also formed, including o,f- and B,y-unsaturated dicarbonyl compounds, which are
transformed into furan derivatives via hydrolysis of the acetal group. A new type
of unsaturated compound having a spiro-ketal structure is also produced as a result
of intramolecular cyclisation.

INTRODUCTION

Application of the Knoevenagel reaction to aldehydo sugars was first described
by Papadakis' and by Garcia Gonzalez and Lopez Aparicio?. The reaction provides
a new route for the synthesis of modified sugars® and appears to be related to the
synthesis of furan compounds from monosaccharides*. We now report on other
aspects of this reaction. )

Only for the reactions of 2,3-O-isopropylidene-D-glyceraldehyde (1) with ethyl
acetoacetate> (2a) and dibenzoylmethane® have the intermediate adducts been
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detected or isolated. In all other cases, either for 1 or for other aldehydo sugars,
only o, B-unsaturated products of the type 6 have been described®. Some decarboxyla-
tion products were obtained when R or R? was OH. The identification of 3a presented
a problem, because of the coincidence of its elemental composition with those of the
reagents 1 and 2a; the boiling point was also unexpectedly low.

The reaction of 1 with methyl acetoacetate (2b) was therefore studied. With
piperidine catalysis, 3b was formed; 3b could be isolated and characterised, and its
transformation into the furan derivative Sb monitored by n.m.r. spectroscopy.

Under conditions of piperidine catalysis, unsaturated products also are always
formed. In the reactions of 1 with pentane-2,4-dione (2¢), ethyl benzoylacetate (2d),
and benzoylacetone (2e), the respective adducts 3¢, 3d, and 3e could not be isolated
free from contamination by the initial reagents. However, their formation was
demonstrated on the basis of spectroscopic data. The failure to remove the contami-
nants suggested that the reactions were reversible during distillation of the products
and that reaction can proceed without a catalyst. The catalyst or high temperature
also promotes the dehydration of 3, to yield such unsaturated compounds as 6 or its
isomers. It was demonstrated that the reaction without a catalyst was exothermic
and practically quantitative. The absence of the reagents in the mixture after a short
reaction time at room temperature was demonstrated by i.r. and n.m.r. spectroscopy.

The transformation of 3a into 5a in the presence of pentane-2,4-dione (2¢)
indicated? that the formation of 3a was an irreversible process. But when a mixture
of 3b and 2¢ was heated and then hydrolysed with acid, a mixture of 5b and 5c¢ was
formed. Thus, the earlier conclusions would be explained if the relative velocity of
the process 3 — 5 was much greater than that of the process 3 — 2. A mixture of
5b and 5S¢ was also obtained by condensing 3b and 2c in the vapour phase, in vacuo,
and then hydrolysing the product.

Although the Knoevenagel reaction of 1 with active methylene compounds of
type 2 gave products having elemental analyses conforming to formula 6, it was
possible to identify or isolate up to four isomers (6-9) in various proportions. The
complexity of these mixtures may be greater, since £ and Z isomers are possible
for some of the unsaturated products. In general, only the more stable isomers could
be isolated pure, and the spiro-ketals 9 could be obtained by the action of heat or
acid catalysis in an aprotic solvent on the isomers 6-8.

In the reaction of 2c¢, isomers 6c and 7¢ were formed, as shown by t.l.c. and
spectroscopy. The isomer 8¢ was not formed, probably because its stability is much
lower than that of the corresponding enol 7c. The isomerization 6c—7¢ was accom-
plished by the action of a partially neutralised, acid resin. Since the spectrum of
7c is known, that of 6¢ could be deduced from a ~1:1 mixture of the compounds.
The signals of vinyl protons [ 6.6 (d, *>J 6 Hz) for the «,f-unsaturated product 6c,
and 5.3 (t, “J 1.2 Hz) for the B, y-unsaturated isomer 7¢ (enol)] were important in the
interpretation of the n.m.r. spectra of mixtures.

For the reaction of methyl malonate (2f), the situation in relation to the enol
stability is the opposite of that noted for the enol 7c. The f,y-unsaturated diester 8f
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is the stable form and can be isolated. Once the spectrum of 8f was known [é 5.0
(dt, 37 10, *J 1 Hz, =CH)], it was possible to deduce that, under mild conditions,
the «,f-unsaturated isomer was among the reaction products [§ 6.8 (d, =CH)] and
must be formed first and then transformed into 7 and 8.

The reactions of 1 with 2b and 2a appear to be intermediate between the above-
mentioned cases, on the basis of the relative stability of isomers 7 and 8. The reaction
products were mixtures of four isomers, as shown by n.m.r. spectroscopy. The inter-
pretation of these spectra could be accomplished (@) by subtraction of the signals
for 9, (b) by using the data for the ¢ and f series of isomers, and (c) by correlating
the intensities of sets of signals having the same proportions of components in a
mixture. The most-prominent signals associated with this analysis were for Ac (£-6,
5232-234; 7Z-6, 2.16-2.28; 8, 2.13-2.19; 7, 1.97-2.08) and -CH [6, 6 6.82-6.74 (trans
to -COOR) and 6.70-6.60 (trans to Ac); 7 and 8, 5.3-5.0].

The piperidine-catalysed reactions of 1 and ethyl benzoylacetate (2d) or benzoyl-
acetone (2e) were exothermic, but the products, after distillation, contained only 9d
and 9e—g, respectively. Thus, both Ac and Bz groups can participate in ring formation.
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The formation of 9 involves a process subsequent to the Knoevenagel reaction.
Although it is better produced by acid catalysis, it can also result by distillation of
the other isomers. We have not found any precedent for this reaction, and conse-
quently the structure and properties of this new type of spiro-ketal 9 have been
studied. From the type of catalysis and structural change, the formation of 9 can
be considered to involve an intramolecular addition to a vinyl ether. The participation
of the electron-releasing oxygen atom may be the reason why this type of compound
is not a product of a normal Knoevenagel reaction.

The structure of 9 is indicated by spectroscopic data; e.g., for 9b, 1, 248 nm
(e 1.07 x 10%). The two diastereotopic hydrogens in the dioxolane ring appear as AB
systems in the n.m.r. spectra (in CDCl; or CCl,), but those in the dihydrofuran residue
are accidentally equivalent and long-range coupled to Me-2 for all spiro-ketals with
R! = Me, or as a simple signal for those with R! = Ph if the spectra were in CDCl; or
CCl,. The diastereotopic character could be clearly observed for benzene solutions.
In the i.r. spectra, only a carbonyl stretching band was observed. The structures 9
were also indicated by a negative enol test, the formation of one mono-semicarbazone
from 9¢, and the basic hydrolysis of the ester group in 9b to yield an acid which did
not decarboxylate under conditions in which g-keto acids react. The group R? in 9
may be widely varied without altering the remaining structure, e.g., 9b—»9h—9i—-9j,
9h—9¢c, and 9d—»9k—9e.

The formation of two isomers 9e and 9g starting with benzoylacetone is strong,
additional evidence for the assigned structures, as is the transformation:

HO~ LiMe
9a — Sh — O9ec.

When the spiro compounds of type 9 were treated with acid in an aprotic solvent
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under more drastic conditions, acetone was removed and a new type of product was
formed for which spectroscopic data indicated the structure 17. The wW.V. spectra were
quite similar to those of compounds of type 9, reflecting the presence of the same
chromophore system. The 'H-n.m.r. spectra were also similar, except for the signals
of the CMe, group. The presence of the fragment m/e 170 in the mass spectrum of
17b suggests that the product has a centrosymmetrical, trans configuration, in
accordance with the fragmentation process 18—19 + 20 which involves hydrogen
transfer. An X-ray crystal-structure determination is in progress.

Acid hydrolysis of 9a, 9b, and 9d in aqueous media cleaved the dioxolane and
dihydrofuran rings, yielding the diketonic esters 11a, 11b, and 11d, respectively.
Periodate oxidation of 9b afforded 12 which, on hydrolysis and decarboxylation,
gave levulinic acid. Compounds 11a and 11b were hydrolysed in a basic medium,
and the resulting f-keto acid was then decarboxylated to the hydroxydiketone 14a
(or 14b). Similarly, 11d was transformed into 14d.

Although the synthesis of furan derivatives starting with unsaturated products
obtained from pentane-2,4-dione was unsuccessful?, a mixture of 6¢ and 7¢ can be
transformed into the corresponding furan derivative Sc by treatment with acetic
acid—water (1:1), or into the methylated derivative 15 when the hydrolysis was
performed with an acid resin and methanol.

EXPERIMENTAL

General methods. — Melting points are uncorrected. Lr. spectra (KBr discs)
were obtained with a Beckman Aculab IV spectrometer. 'H-N.m.r. spectra were
recorded for solutions in CCl, (internal Me,Si) with Perkin—-Elmer—Hitachi R-20B or
Perkin—Elmer R-24B spectrometer. Chemical shifts (first order) are given on the &
scale, and first-order couplings in Hz.

Concentration of solutions was performed under diminished pressure at <40°,
using a rotary evaporator.

Addition of active methylene compounds 2 to 2,3-O-isopropylidene-p-glyceral-
dehyde (1). — (@) Without a catalyst. A mixture of 1 and 2 in equimolar proportions
was stored for 12 h at room temperature. Evolution of heat was always observed.
Each reaction was monitored by n.m.r. spectroscopy until the initial reagents could
no longer be detected. The following products were obtained.

Adduct 3b [from methyl acetoacetate (2b)]; viil™ 3480, 2980, 2940, 2890, 1735,
1715, 1630-1640, 1440, 1370, 1250, 1210, 1150, and 1015 cm~*. 'H-N.m.r. data:
0 3.30-4.40 (m, 9 H), 2.20 (s, 3 H, Ac), 1.30 and 1.24 (2 s, 6 H, CMEe,).

Adduct 3a [from ethyl acetoacetate (2a)], b.p. 50°/1 Torr; viiim 3480, 2980,
2930, 2900, 1735, 1715, 1635-1640, 1370, 1250, 1210, 1150, and 1070 cm™*. *H-N.m.r.
data: § 3.542 (m, 9 H), 2.2 (s, 3 H, Ac), 1.30 and 1.25 (2’5, 6 H, CMe,), and 1.25
(t, 3 H, 37 6 Hz, OCH,CH,).

A second fraction, b.p. 98-104°/0.5 Torr, was obtained; this appeared to be a
mixture of unsaturated isomers similar to that described below.



60 F. J. LOPEZ APARICIO, F. J. LOPEZ HERRERA, J. SANCHEZ BALLESTEROS

Adduct 3c [from pentane-2,4-dione (2¢)], [«]3® +47° (¢ 2.59, benzene);
viilm 3450, 2980, 2920, 2860, 1715, 1615, 1415, 1370, 1250, 1210, 1150, and 1065 cm™*.
'H-N.m.r. data: 6 3.94 (b, 6 H, unresolved), 2.20 (s, 3 H, Ac), 2.00 (s, 3 H, Ac, enol),
1.33 and 1.27 (2 s, 6 H, CMe,). A small excess of the initial reagents was observed
even after a long time of reaction.

Adduct 3d [from ethyl benzoylacetate (2d)]; viI'™ 3450, 3050, 2970, 2930, 2890,
1730, 1680, 1615, 1590, 1575, 1515, 1450, 1370, 1260, 1210, 1150, 1060, and 750 cm ™.
1H-N.m.r. data: § 7.29 (m, 5 H, Ph), 3.830-4.70 (m, 8 H), and 1.00-1.30 (m, 9 H,
3 Me).

Adduct 3e [from benzoylacetone (2¢)]; viil™ 3440, 3050, 2980, 2920, 2870, 1710,
1663, 1640, 1585, 1563, 1500, 1435, 1410, 1360, 1350, 1190, 1140, 1050, 1010, 830, and
750 cm~!. '"H-N.m.r. data: 5 7.20-8.00 (m, 5 H, Ph), 3.92 (b, 6 H), 2.10 (s, 3 H, Ac),
1.40 and 1.20 (2 s, CMe,).

5-Hydroxymethyl-3-methoxycarbonyl-2-methylfuran (Sb). — (a) A solution of
3b (9.5 g) in ethanol (150 ml), acetic acid (150 ml), and water (100 ml) was heated
at 80° for 24 h. Ethyl acetate (100 ml) was added, and the organic layer was washed
successively with water (2 x 100 ml) and 5% aqueous sodium hydroxide (100 ml),
dried (N2a,S0,), and concentrated. Distillation of the residue yielded Sb (3.1 g, 77 %),
b.p. 94-95°/0.1 Torr; AE'®M 248 (¢ 4.37 x 10°) and 215 nm (g 5.83 x 10*); vfiIm 3420,
2970, 2920, 2900, 2840, 1630, 1670, 1585, 1550, 1430, 1420, 1375, 1345, 1275, 1205,
1115, 1070, 1000, 950, 900, 800, 750, and 660 cm~!. 'H-N.m.r. data: 6 6.32 (s, 1 H,
H-4),4.38 (s, 2 H, CH,OH), 3.7 (s, 3 H, OMe), and 2.5 (s, 3 H, Ac). Mass spectrum:
mfe: 170 (M%), 155 (M — Me), 153 (M — OH), 139 (M — CH,OH), 127 (M — Ac),
111 (M — CO,Me) or (M — CO — CH,0H), 59 (CO — CH,OH), and 43 (Ac).

Anal. Calc. for CgH,,0,: C, 56.52; H, 6.54. Found: C, 56.43; H, 6.32.

A solution of 3b in CDCl; was periodically shaken with a dilute solution of
CF3;CO,D in D,0O. The n.m.r. signals of the reagents gradually disappeared, simul-
taneously with the appearance of those for Sh.

(b) Reversibility of the addition reaction. A mixture of 3b (1 g) and 2¢ (0.41 g)
was kept at room temperature for 30 min. Then, ethanol (1.5 ml), acetic acid (1.5 ml),
water (I ml), and conc. hydrochloric acid (3 drops) were added, and the mixture
was heated at 80° for 1 h. Ethyl acetate (10 ml) was added, and the organic layer was
washed successively with water (2 x 10 ml) and 5% aqueous sodium hydroxide
(2 x 10 ml), dried (Na,S0O,), and concentrated. The residue contained only 5b, as
shown by n.m.r. spectroscopy, and by t.l.c. on silica gel (Merck 60 F,54; light
petroleum-—ethyl acetate, 9:1; Rg 0.45).

A similar mixture of 3b and 2¢ was heated at 100° for 30 min and then treated
as described above. T.l1.c. of the product revealed 5b (R 0.45) and 3-acetyl-5-hydroxy-
methyl-2-methylfuran (Se, R 0.67). 'H-N.m.r. data 6 6.51 (s, 1 H, =CH), 4.55
(s, 2 H, -CH,0-), 2.57 (s, 3 H, Me), and 2.39 (s, 3 H, Me).

When the vapours of 3b and 2¢ were condensed together, subsequent acid
hydrolysis, as described above, yielded a mixture of 5b and 5S¢, as shown by t.l.c.
and !H-n.m.r. spectroscopy.
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Piperidine-catalysed reaction of 1 with active methylene compounds 2. — When 1
(25 g), 2b (21.5 g), and piperidine (6 drops) were mixed, the temperature rose to 50°.
The mixture was kept in the dark for 12 h, and then distilled to yield 3b (6.2 g), b.p.
36-40°/0.2 Torr, and a second fraction (22.26 g, 39%), b.p. 92°/0.2 Torr, that
appeared to be a mixture of the following isomers.

(a) Enol 7b: 'H-n.m.r. data: § 12.63 (s, 1 H, OH), 5.1-4.6 (m, 1 H, vinyl
ether CH=), 4.23 (d, J 2 Hz, 2 H, dioxolane CH,), 3.69 (s, 3 H, OMe), 1.97 (s, 3 H,
Ac), 1.44 and 1.40 (25, 6 H, CMe,).

(b) a,f-Unsaturated ketoester 6b: 'H-n.m.r. data: § 6.82 (d, J 12 Hz, 1 H, =CH,
E isomer), 6.70 (d, J 12 Hz, 1 H, =CH, Z isomer), 2.34 (s, 3 H, Ac, E isomer),
2.28 (s, 3 H, Ac, Z isomer), 3.77 (s, 3 H, OMe, E.Z isomers), 1.41 and 1.30 (25, 6 H,
CMe.,).

(¢) B,y-Unsaturated ketoester 8b: 'H-n.m.r. data: § 5.1-4.6 (m, 1 H, vinyl
ether =CH), 4.47 (d, 2 H, J 2 Hz, dioxolane CH,), 3.67 (s, 3 H, OMe), 2.13 (s, 3 H,
Ac), 1.44 and 1.40 (2 s, 6 H, CMe,).

(d) Spiro-isomer 9b: *H-n.m.r. data given below.

Anal. of the mixture (@)-(d). Calc. for C,,H,,O5: C, 57.90; H, 7.06. Found:
C, 57.67; H, 7.28. Positive enol reaction with ferric chloride. A

In toluene solution with piperidine-catalysis, the yield of unsaturated isomers
was 50-759%, with various proportions of the isomers.

DL-8-Methoxycarbonyl-2,2,7-trimethyl-1,3,6-trioxaspiro[4.4]non-7-ene (9b). —
A solution of the foregoing mixture of isomers (24 g) in CCl, (81 ml) and acetic acid
(9 ml) was boiled under reflux for 1 h. Distillation yielded 9b (23.5 g, 989%,), b.p.
94-96°/0.2 Torr, m.p. 43-44° (negative test for enol); AEOH 248 nm (¢ 1.07 x 10%);
viilm 9990, 2950, 2870, 1705, 1655, 1440, 1385, 1375, 1345, 1290, 1220, 1140, 1110,
1090, 1060, 970, 900, 850, 800, 750, and 670 cm ™ !. 'H-N.m.r. data: é 4.10 and 3.78
(2 d, 2 H, J 8.4 Hz, dioxolane CH;), 3.59 (s, 3 H, OMe), 2.91 (q, 2 H, J 1.6 Hz,
dihydrofuran CH,), 2.16 (t, 3 H, J 1.6 Hz, Me), 1.43 and 1.32 (2 5, 6 H, CMe,).
Mass spectrum: mfe 228 (M), 213 (M — Me), 197 (M — OMe), and 170 (M —
COMe,). The fragments of furan Sb were also formed.

Anal. Calc. for C,,H,;405: C, 57.90; H, 7.06. Oxid. equiv. (IO, after acid
hydrolysis), 228. Found: C, 58.24; H, 6.95. Oxid. equiv., 208.

DL-8-Carboxy-2,2,7-trimethyi-1,3,6-trioxaspiro[ 4.4 1non-7-ene (9h). — A solu-
tion of potassium hydroxide (1.68 g) in water (15 ml) was added to a solution of 9b
(4.85 g) in ethanol (i5 ml). After stirring for 30 min at room temperature, the mixture
was stored for 48 h and then extracted with ether (3 x 100 ml). The aqueous layer was
acidified (Congo Red) with 8% hydrochloric acid. The solid was collected, washed
with cold water, and recrystallised from water, to give 9h (2.8 g, 61.5%), m.p. 116-
118°; }.i‘:lc"‘" 224 nm (e 1.47 x 10%); v“'ul ' 3400-2560 (broad), 2980, 2900, 1670, 1430,
1370, 1335, 1303, 1270, 1225, 1150, 1105, 1085, 1060, 970, 920, 890, 880, and 840 cm 1.
'H-N.m.r. data (CDCl;): § 10.5-9.0 (bs, 1 H, CO,H), 427 and 395 2d,2 H, J
10 Hz, dioxolane CH,), 3.02 (q, 2 H, J 2 Hz, dihydrofuran CH,), 2.23 (t, 3 H, J
2 Hz, Me), 1.52 and 1.40 (2 d, 6 H, CMe,).
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Anal. Calc. for C,oH,4,05: C, 56.07; H, 6.54. Found: C, 56.22; H, 6.71.

DL-8-Acetyl-2,2,7-trimethyl-1,3,6-trioxaspiro[ 4.4 Jnon-7-ene (9¢). — To a solu-
tion of 9h (2.6 g) in dry dimethoxyethane (10 ml) was added dropwise, with stirring,
a solution of methyl-lithium (0.6 g) in ether (7 ml) at <5°. Stirring was maintained
for 3 h at room temperature, aqueous 309, ammonium chloride (15 ml) was added,
and the suspension was extracted with ether (3 x 60 ml). ‘The extract was dried
(Na,SO,) and concentrated, and the residue was distilled to yield 9¢ (0.75 g), b.p.
73-75°/0.2 Torr (negative haloform test); A" 271 nm (¢ 1.04 x 10°%); vfilm 2980,
2925, 2860, 1670, 1625-1595, 1450, 1433, 1418, 1380, 1365, 1270, 1230, 1218, 1145,
1080, 1060, 1040, 965, 890, 840, 795, and 750 cm ™. 'H-N.m.r. data: § 4.18 and 3.88
(2 d, 2 H, J 9 Hz, dioxolane CH,), 3.0 (g, 2 H, J 1.8 Hz, dihydrofuran CH,), 2.25
(t,3H,J 1.8 Hz, Me), 2.1 (s, 3 H, Ac), 1.5and 1.4 2 s, 6 H, CMe,). Mass spectrum:
mfe212 (M*), 197 (M — Me), 154 (M — COMe,), 139 (154 — Me), 137 (154 — OH),
111 (154 — Ac), 96 (154 — CO — CH,0), and 43 (Ac).

Anal. Calc. for C,;H,,0,: C, 62.66; H, 7.54. Found: C, 62.42; H, 7.75.

The semicarbazone of 9¢ (78 %) had m.p. 254-256° (from ethanol-water, 1:1).

Anal. Calc. for C,,H,,N;0,: C, 53.53; H, 7.06; N, 5.61. Found: C, 53.60;
H, 6.98; N, 5.60.

DL-8-Chioroformyl-2,2,7-trimethyl-1,3,6-trioxaspiro[4.4 Jnon-7-ene (9i). — A
mixture of 9h (3.56 g), carbon tetrachloride (21 ml), and triphenylphosphine (4.2 g)
was boiled under reflux for 3 h, cooled to 0°, filtered, and concentrated to dryness.
The residue was extracted with light petroleum (50 and 3 x 25 ml). The combined
extracts were concentrated, and the residue was distilled to yield 9i (1.6 g, 43%), b.p.
87-90°/0.1 Torr; vfilm 2980, 2920, 1755, 1700, 1630, 1430, 1420, 1405, 1360, 1340,
1260, 1200, 1115, 1040, 950, 880, 775, and 740 cm~'. *H-N.m.r. data (CDCl;):
5 4.29 and 3.98 (2 d, 2 H, J 9.6 Hz, dioxolane CH,), 3.25 (q, 2 H, J 1.5 Hz, dihydro-
furan CH,), 2.23 (t, 3 H, J 1.5 Hz, Me), 1.51 and 1.41 (2 s, 6 H, CMe,).

DL-8-Carbamoyl-2,2,7-trimethyl-1,3,6-trioxaspiro[ 4.4 non-7-ene (95). — A solu-
tion of crude 9i (from 6.8 g of 9h) in light petroleum was stirred with 3.5 g of a
suspension of sodium amide in toluene (1:1) for 2 h under anhydrous conditions
and then boiled under reflux for 1 h. To the cooled (0°) mixture was added dropwise,
with stirring, a solution of ammonium chloride (1.68 g) in water (6 ml) and then
water (14 ml). The solid was collected, washed with cold water, and recrystallised
from ethanol-water, to yield 9§ (3.44 g, 51 %), m.p. 160-162°; AECH 246 nm (¢ 1.1 x

max

10%); vEBr 3415, 3170, 2982, 2940, 1650, 1590, 1445, 1370, 1320, 1280, 1255, 1212, 1160,
1115, 1085, 1060, 1025, 960, 895, 840, and 760 cm~!. *H-N.m.r. data (CDCl3):
8 5.37 (b, 2 H, exchangeable with D,0, NH,), 4.31 and 3.97 (2d, 2 H, / 8.4 Hz,
dioxolane CH,), 3.00 (q, 2 H, J 1.8 Hz, dihydrofuran CH,), 2.27 (t, 3 H, J 1.8 Hz,
Me), 1.56 and 1.44 (2 s, 6 H, CMe,). Mass spectrum: m/e 213 (M*), 198 (M — 15},
155 (M — COMe,), 138 (M — COMe, — OH), and 112 (M — COMe, — Ac).

Anal. Calc. for C,oH,sNO,: C, 56.34; H, 7.04; N, 6.57. Found: C, 56.27;
H, 6.83; N, 6.57.

Methyl pL-2-acetyl-5-hydroxy-4-oxopentanoate (11b). — A suspension of 9b
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(4.32 g) in acetic acid (5 ml) and water (5 ml) was boiled under reflux for 1 h and
monitored by using the n.m.r. signal at § 1.4 (CMe,). When this signal had dis-
appeared, the solution was concentrated, and the residue was distilled to give 11b
(2.52 g, 71%,), b.p. 95°/0.1 Torr, m.p. 41-43°; AECH 354 (¢ 6.9 x 103°) and 206 nm

“max

(e 3.1 x 103); vfilm 3480, 2980, 2940, 2820, 1740, 1640-1680, 1430, 1400, 1360, 1260,
1220, 1160, 1140, 1110, 1070, 1050, and 1010 cm ™. *H-N.m.r. data (CDCl;): 6 4.29
(s, 2 H, H-5), 4.09 (t, 1 H, J 7 Hz, H-2), 3.73 (s, 3 H, OMe), 3.12 (bs, 1 H, OH,
exchangeable with D,0), 2.97 (dd, 2 H, 2J 3 and 7 Hz, diastereotopic H-3), and
2.34 (s, 3 H, Ac). Irradiation showed coupling of H-2 and H-3. Mass spectrum:
mfe 188 (M), 170 (M — H,0), 157 (M — CH,OH), 139 (M — H,O0 — CH,0H),
129 (M — CO,Me), 115 (M — CH,COCH,O0OH), 99, 59 (CO,Me), 43 (Ac), 31
(CH,OH), and 18 (H,O).

Anal. Calc. for CgH,,05: C, 51.06; H, 6.32. Oxid. equiv. (I0,), 188. Found:
C, 51.07; H, 6.15. Oxid. equiv., 193.

I-Hydroxyhexane-2,5-dione (14b). — (a) By hydrolysis of 11b. A suspension of
11b (1.2 g) in 10% aqueous sodium hydroxide (4.3 ml) was heated to 70° for 1 h.
Ether (3 x 30 ml) was added, the aqueous layer was acidified with dilute hydrochloric
acid, and the product was extracted with ether (3 x 50 ml). The extracts were dried
(Na,S0,), and concentrated under diminished pressure, and the residue was frac-
tionated, affording 14b (0.5 g, 60%), b.p. 82-85/0.5 Torr, m.p. 51°; AE©OH 276 nm

“max

(e 4 x 10%); vfilm 3460, 2980, 2900, 1710, 1695, 1405, 1385, 1350, 1170, 1150, 1060,
1000, 970, and 940 cm™!. *H-N.m.r. data (CDCIl3): § 3.25 (b, 1 H, exchangeable
with D,O, OH), 4.25 (bs, 2 H, H-1), 2.70 (m, 4 H, H-3,4), and 2.18 (s, 3 H, H-6).
Mass spectrum: mjfe 130 (M¥), 113 (M — OH), 99 (M — CH,OH), 87 (M — Ac),
73 (M — MeCOCH,), 71 (M — COCH,0H), 59 (COCH,OH), 57 (MeCOCH,),
43 (Ac), 31 (CH,0OH), and 17 (OH).

Anal. Calc. for C¢H,,05: C, 55.38; H, 7.69. Found: C, 55.57, H, 7.78.

(b) By hydrolysis of 9h. A solution of 9h (3 g) in acetic acid-water (1:1, 21 ml)
was heated at 80° for 1 h. After removal of the solvent under diminished pressure,
the residue was distilled, yielding 14b (0.9 g, 50%), m.p. 51°, which was identical
to the product in (a).

DL-3-Methoxycarbonyl-4-oxopentanoic acid (12). — A solution of sodium
periodate (2.9 g) in water (80 ml) was stirred with 11b (2.52 g) for 15 min at room
temperature. Sodium hydrogen carbonate (5 g) was then added and the mixture
was extracted with ether (3 x 50 ml). The aqueous layer was acidified and extracted
with ether (4 x 50 ml). The extracts were dried (N2,SO,), and concentrated under
diminished pressure, and the residue was distilled to afford 12 (1.9 g, 517%), b.p.
114-116°/0.2 Torr; vi'™ 3560-3000, 2995, 2940, 2830, 1780, 1740, 1705, 1430, 1355,
1280, 1245, 1165, 1025, 965, and 835 cm™!. *H-N.m.r. data (CDClI;): ¢ 10.7 (bs,
1 H, CO,H), 3.92 (t, | H, J7 Hz, H-3), 3.72 (s, 3 H, OMe), 2.92 (dd, 2 H, J 7 and
2 Hz, diastereotopic H-2), and 2.31 (s, 3 H, H-5).

Anal. Cale. for C;H,,05: C, 48.27; H, 5.75. Found: C, 47.94; H, 5.987(.
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The ester 12 was hydrolysed by M sodium hydroxide (30 ml) for 12 h at room
temperature. The solution was acidified with dilute sulphuric acid, and the product
extracted with ether (4 x 30 ml). After removal of the solvent from the extract,
levulinic acid (0.5 g) was distilled, b.p. 137-139°/10 Torr.

3-Methoxycarbonyl-2,5-dimethylfuran (10). — A solution of 9b (0.98 g) in ethyl
acetate (10 ml) was hydrogenated at 100°/3 Torr for 12 h over 5% Pd/C (47 mg). The
catalyst was removed, the filtrate was concentrated under diminished pressure, and
the residue was distilled to yield 10 (900 mg), b.p. 40-60°/0.5 Torr; AEOH 253 nm;
viilm 3100, 2980, 2900, 1720, 1625, 1590, 1440, 1390, 1370, 1280, 1240, 1205, 1135,
1090, and 1010 cm™!. 'H-N.m.r. data: § 6.03 (s, 1 H, H-4), 3.7 (s, 3 H, OMe), 2.47
and 2.20 (2 s, 6 H, 2Me). Mass spectrum: m/e 154 (M¥) and 139 (M — Me).

Anal. Calc. for CgH,,0,: C, 62.33: H, 6.53. Found: C, 62.54; H, 6.32.

Piperidine-catalysed reaction of 1 with ethyl acetoacetate (2a). — A mixture of 1
(29 g), 2a (29g), piperidine (6 drops), and toluene (200 ml) was stirred for 12 h at
room temperature. Evolution of heat and water formation were observed. The
toluene layer was removed, and concentrated under diminished pressure, and the
residue was distilled to yield a mixture of unsaturated isomers (28 g, 55%), b.p.
98-102°/0.5 Torr, (see above); vii!™ 3520-3300 (enol), 3000, 2930, 2860, 1770, 1670,
1635, 1625, 1595, 1575, 1490, 1470, 1440, 1370, 1260-1200, 1150, 1100, 1050, 940,
900, 845, 800, 770, and 690 cm ™. 'H-N.m.r. data: 6 6.8 (d, 1 H, J 7 Hz, =CH, E
isomer 6a), 6.68 (d, 1 H, J 7 Hz, =CH, Z isomer 6a), 3.2-5.1 (m, unresolved),
2.33 (s, 3 H, Ac, E isomer), 2.28 (s, 3 H, Ac, Z isomer), 2.18 (s, 3 H, Ac, isomer 8a),
1.98 (s, 3 H, Ac, isomer 7a), and 1.1-1.5 (m, unresolved, CMe, and CH;-CH,O
groups). Signals of 9a (see below) were also observed.

Anal. Calc. for C,,H,,0;5: C, 59.50; H, 7.43. Found: C, 59.23; H, 7.43.

DL-8-FEthoxycarbonyl-2,2,7-trimethyl-1,3,6-trioxaspiro[ 4.4 non-7-ene (9a). —
Acid-catalysed cyclisation of the foregoing mixture of isomers (29 g) was carried
out as described above for the formation of 9b, using carbon tetrachloride (90 ml)
and acetic acid (10 ml), to give 9a (24 g, 85%), b.p. 96-98°/0.2 Torr; A0 248 nm
(e 1.12 x 10%);+film 2985, 2920, 2858, 1695, 1680, 1668, 1648, 1630, 1555, 1470, 1450,
1445, 1418, 1392, 1370, 1330, 1290, 1240, 1150, 1100, 1080, 1050, 960, and 890 cm™1.
'H-N.m.r. data (CCl,): 6 4.23 and 3.90 (2 d, 2 H, J 9.6 Hz, dioxolane CH,), 2.97
(q, 2 H, J 2 Hz, dihydrofuran CH,), 2.22 (t, 3 H, J 2 Hz, Me), 1.48 and 1.43 (2 s,
6 H, CMe,), 1.26 (t, 3 H, J 8 Hz) and 4.15 (g, 2 H, J 8 Hz) both corresponding to
OEt group; (C¢Hg): 6 4.06 and 3.61 (2d, 2 H, J 10 Hz, CH,), 4.11 (9. 2 H, J 7 Hz),
and 1.05 (t, 3 H, J 7 Hz) both corresponding to OEt group, 3.09 (dg, 1 H, J 2.5 and
16 Hz) and 2.77 (dq, 1 H, J 2.5 and 16 Hz) both corresponding to the diastereotopic
protons in dihydrofuran CH,, 2.18 (t, 3 H, J 2.5 Hz, Me), 1.52 and 1.29 (25, 6 H,
CMe,). Mass spectrum: m/fe 242 (M*), 227 (M — Me), 198, 184 (M — COMe,),
169 (184 — Me), 153 (184 — CH,OH), 141 (184 — Ac), 139, 125 (184 — COCH,OH),
111 (184 — CO,Et), 73 (CO,EL), 43 (Ac, 100%), 19 (Et), and 15 (Me).

Anal. Calc. for C,,H,405: C, 59.50; H, 7.43. Found: C, 59.20; H, 7.23.

Treatment of 9a (28 g) with aqueous potassium hydroxide (100 ml), as described



KNOEVENAGEL REACTION 65

above for 9b, with recrystallisation of the product from water, gave Sh (16 g, 64%),
m.p. 116-118°.

Ethyl pL-2-acetyl-5-hydroxy-4-oxopentanoate (11a). — Hydrolysis of 9a (1.7 g)
with acid, as described above for 9b, gave 11a (1.1 g, 77%), b.p. 110°/0.2 Torr;
AEOH 254 (£ 1.45 x 10°) and 208 nm (e 3.8 x 103); »film 3420, 2980, 2940, 2900, 1720,
1430, 1400, 1360, 1260, 1225, 1190, 1140, 1120, 1070, 1040, and 1020 cm~ 1. 'H-N.m.r.
data (CDCl;): 6 4.30 (s, 2 H, H-5), 419 (q, 2 H, J 8 Hz, OCH,Me), 4.1 (t, 1 H,
J 7 Hz, H-2), 3.82 (s, | H, OH, exchangeable with D,0), 2.97 (dd, 2 H, J 3 and 7 Hz,
diastereotopic H-3), 2.34 (s, 3 H, Ac), and 1.28 (t, 3 H, J 8 Hz, OCH,CH;). Mass
spectrum: mfe 202 (M*), 184 (M — H,0), 171 (M — CH,OH), 157 (M — OEt),
143 M — COCH,OH), 129 (M — CH,COCH,OH), 111 (M — H,O — CO,Et),
73 (CH,COCH,0H), 59 (COCH,0H), 43 (Ac, 100°,), 31 (CH,OH), and 18 (H.O).

Anal. Calc. for CoH4,05: C, 53.41; H, 6.98. Found: C, 53.30; H, 7.24%,.

Hydrolysis of 11a with base, as described above for 11b, gave 14a (48%).

Reaction of 1 with pentane-2,4-dione (2c). — This reaction was accomplished
as described above for 2b, starting from 1 (15.5 g), 2¢ (12 g), piperidine (5 drops),
and toluene (180 ml), to give a mixture ofisomers 6cand 7¢ (8 g,20 %), b.p. 99-101°/0.2
Torr. When the reaction was carried out in ether, the yield was 52.5%,. N.m.r. data
indicated an almost equimolar mixture of isomers which had vf;;‘:‘ 3450, 2980, 2925,
2860, 1692, 1670, 1665, 1580-1610, 1450, 1415, 1365, 1350, 1315,1255,1205,1150, 1115,
1050, and 885 cm ™. 'H-N.m.r. data: «,B-unsaturated isomer 6¢: 6 6.6 (d, 1 H, J 6 Hz,
=CH), 4.58 (d, 2 H, J 6 Hz, dioxolane CH,), 4.5-3.5 (m, unresolved), 2.32 (s, 3 H,
Ac), 2.16 (s, 3 H, Ac), and 1.3 (6 H, CMe,); enolic isomer 7¢: é 13.6 (s, 1 H, OH),
53(, 1 H,J1.2Hz, =CH), 4.3 (d, 2 H, J 1.2 Hz, dioxolane CH,), 2.08 (s, 3 H, Ac),
2.04 (s, 3 H, enol Me), and 1.4 (6 H, CMe,). Irradiation showed coupling between the
signals at § 5.3 and 4.3. Mass spectrum: m/fe 212 (M%), 160 (M — Ac), 154 (M —
COMe,), 139 (154 — Me), 137 (154 — OH), 111 (154 — Ac), 95 (154 — CH,OH),
59 (COCH,OH), and 43 (Ac, 100%;).

Anal. Calc. for C; H;¢0,: C, 62.26; H, 7.54. Found: C, 61.98;: H, 7.41.

The mixture of 6c and 7c¢ (10 g) was suspended in 10 9 aqueous cupric acetate
(90 ml) and stirred with chloroform (50 ml) with dropwise addition of ammonium
hydroxide to maintain neutral pH. The chloroform solution was washed with several
portions of water, dried (CaCl,), and concentrated under diminished pressure, and
the residue was recrystallised from tetrahydrofuran to give the copper salt (5.8 g,
509), m.p. 125-127°.

Anal. Calc. for C,,H3¢qCuOg: C, 54.40; H, 6.22; Cu, 13.07. Found: C, 54.31;
H, 6.12; Cu, 12.92.

Isomerisation of 6c to Te. — Lewatit S-100 resin (20 g) was partially neu-
tralised by stirring for 3 days with aqueous sodium hydroxide (20-40 mequiv.), and
then dried over calcium chloride. A solution of the mixture (8 g) of 6¢c and 7¢ in
carbon tetrachloride (40 ml) was shaken with 16 g of the neutralised resin until
the n.m.r. signals of 6c disappeared. The catalyst was removed and the filtrate was
concentrated under diminished pressure to give 7¢ which gave a positive enol test
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with ferric chloride and had (fi!™ 3450, 2980, 2930, 2870, 1680, 1620, 1600, 1450,
1420, 1370, 1240, 1210, 1180, 1150, 1120, and 1060 cm™1

Under similar conditions, after using Lewatit S-100 resin previously treated
with methanol and later adding trifluoroacetic acid, 7¢ was isolated together with
3-acetyl-5-methoxymethyl-2-methylfuran (15, 199), b.p. 79-81°/0.1 Torr; AMcoH
268 nm (¢ 2.36 x 10%); vfilm 3100, 2980, 2920, 1670, 1550, 1360, 1230, 1080, 1050,
940, and 890 cm ™. 'H-N.m.r. data: § 6.48 (s, 1 H, H-4), 4.25 (s, 2 H, CH,0), 3.3
(s, 3 H, OMe), 2.57 (s, 3 H, Ac), and 2.30 (s, 3 H, Me). Mass spectrum: mife 168
M), 153 (M — Me), 137 (M — OMe), 95 (M — COCH,OMe), and 43 (Ac, 100%).

Anal. Calc. for CoH,;,0;: C, 64.28; H, 7.14. Found: C, 64.32; H, 7.26.

3-Acetyl-5-hydroxymethyl-2-methylfuran (S¢). — The mixture (2 g) of 6¢ and
7¢ (2 g) in acetic acid~water (1 :1, 4 ml) was heated at 90° for 1 h. After evaporation
of solvents, the residue was distilled to yield Se¢ (0.98 g, 67%,), b.p. 68-70°/0.1 Torr;
villm 3450, 2980, 2900, 1740, 1721, 1630, 1545, 1390, 1335, 1200, 1160, 1130, 1050,
and 1030 cm™!. 'H-N.m.r. data (CDCl;): 6 6.51 (s, 1 H, H-4), 4.55 (s, 2 H, CH,0),
2.57 (s, 3 H, Ac), and 2.39 (s, 3 H, Me). Mass spectrum: m/fe 154 (M%), 139 (M — Me),
123 (M — CH,0OH), 111 (M — Ac), 59 (COCH,OH), 43 (Ac, 100%), 31 (CH,OH),
and 15 (Me).

Anal. Calc. for CgH,,05: C, 62.33; H, 6.53. Found: C, 62.49; H, 6.50.

DL-8-Acetyl-2,2,7-trimethyl-1,3,6-trioxaspiro{ 4.4 Jnon-7-ene (9¢). — A solution
of 7c¢ (8 g) and trifluoroacetic acid (0.5 ml) in carbon tetrachloride (40 ml) was
heated at 40° for 8 h, and then neutralised by shaking with saturated, aqueous sodium
hydrogen carbonate, dried (Na,SO,), and concentrated under diminished pressure.
The residue was distilled and afforded 9e (3.6 g, 459%;), b.p. 71-73°/0.5 Torr, identical
(i.r. and n.m.r.) with the product described above.

A solution of calcium hypochlorite (8 g) in warm, 609, aqueous methanol
(50 mi) was treated with anhydrous potassium carbonate (7 g) and a solution of
potassium hydroxide (2.25 g) in the same aqueous methanol (25 ml). After stirring
for 3 min, the mixture was cooled and filtered, and the solid residue was washed with
cold methanol (10 ml). Another solution of 9c (4.5 g) in methanol (25 ml) was added
with cooling (ice bath). Stirring was maintained for 6 h. A solution of sodium
hydrogen sulphite (2.25 g) in water was added followed by acidification (8 % hydro-
chloric acid). The solid which separated was recrystallised from water to give DL-8-
carboxy-2,2,7-trimethyl-1,3,6-trioxaspiro[4.4 Jnon-7-ene (9h; 1 g, 229), m.p. 116-
118°, which was identical (i.r. and n.m.r. spectra) with the product obtained above
by base-catalysed hydrolysis of 9b or 9a.

Reaction of 1 with ethyl benzoylacetate (2d). — As in the above piperidine-
catalysed reactions, equimolar proportions of 1 and 2d were used, but only DL-8-
ethoxycarbonyl-2,2-dimethyl-7-phenyl-1,3,6-trioxaspiro[4.4 Jnon-7-ene (9d, 60 %) was
isolated, b.p. 157-159°/0.1 Torr. In toluene, the yield was only 45%,. Compound 9d
had 250" 246 (¢ 1.19 x 10*) and 208 nm (¢ 1.38 x 10%); vfi!™ 3060, 2980, 2930,
1735, 1680, 1635, 1620, 1600, 1580, 1450, 1370, 1320, 1300, 1260, 1210, 1150, 1120,
1050, and 1030 cm™!. *H-N.m.r. data (CDCl;): § 7.85-7.42 (m, 5 H, Ph), 4.36 and
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4.02 (2 d, 2 H, J 9 Hz, dioxolane CH,), 4.14 (q. 2 H, J 8 Hz, OCH,CH,), 1.2 (t,
3 H, J 8 Hz, OCH,CH,), 3.22 (s, 2 H, dihydrofuran CH,), 1.58 and 1.42 (25, 6 H,
CMe,). Mass spectrum: mfe 304 (M™*), 289 (M — Me), 259 (M — OEt), 246
(M — COMe), 229 (246 — OH), 217 (246 — Et), 201 (246 — OEt), 169 (246 — Ph),
141 (246 — PhCO), 105 (PhCO, 100%), 77 (Ph), 59 (COCH,0H), and 58 (COMe,).
Anal. Calc. for C,,H,,05: C, 67.10; H, 6.58. Found: C, 67.18; H, 6.77.
DL-8-Carboxy-2,2-dimethyl-7-phenyl-1,3,6-trioxaspiro[ 4.4 Jnon-7-ene (9k). —
This hydrolysis was accomplished as described above for 9b, using 9d (3 g, 0.1 mol),
potassium hydroxide (0.67 g, 0.12 mol), ethanol (15 ml), and water (15 ml). The
basic solution was washed with ether (3 x 150 ml). On acidification, the acid 9k
(1.8 g, 67%) separated; m.p. 127° (from water); AE®©" 282 (¢ 8.75 x 10%) and 216 nm

max

(e 9.58 x 103); v',f,g; 3500-2950 (broad), 3050, 2980, 2920, 2850, 1650, 1630. 1620,
1580, 1570, 1545, 1460, 1425, 1350, 1270, 1250, 1225, 1180, 1110, 1070, 1045, 1030,
and 670 cm ™. 'H-N.m.r. data (CDCl3): 6 17.4 (bs, | H, CO,H), 7.8-7.4 (m, 5 H,
Ph), 4.37 and 4.03 (2 d, 2 H, J 10 Hz, dioxolane CH,), 3.2 (s, 2 H, dihydrofuran
CH,), 1.57 and 1.41 (2 s, 6 H, CMe,). Mass spectrum: mfe 276 (M ™), 261 (M — Me),
218 (M — COMe,), 201 (218 — OH), 187 (218 — CH,OH), 173 (218 — OEu),
159 (218 — COCH,OH), 141 (218 — Ph), 113 (218 — COPh), 105 (COPh, 100%,),
77 (Ph), 59 (COCH,OH), and 58 (COMe,).

Anal. Calc. for C;sH,¢05: C, 65.22; H, 5.80. Found: C, 65.09; H, 5.91.

DL-8-Acetyl-2,2-dimethyl-7-phenyl-1,3,6-trioxaspiro[ 4 4 1non-7-ene (9e). — A
solution of 9k (3.35 g, 12 mmol) in anhydrous dimethoxyethane (10 ml) was treated
with methyl-lithium (0.6 g) in ether (7 ml), as described above for 9h. The product
was extracted with ether (3 x 100 ml) to give crude product (0.9 g, 27 %,) which was
distilled to yield 9e (0.3 g), b.p. 130°/0.2 Torr, m.p. 56-58°; ASH 316 nm (g 1.92 x
10%); vfilm 3040, 2970, 2950, 2818, 1635, 1620, 1605, 1590, 1575, 1560, 1540, 1440,
1425, 1370, 1350, 1340, 1270, 1230, 1210, 1125, 1100, 1070, and 1030 cm™!. 'H-N.m.r.
data: (CDCl;): 6 7.46 (m, 5 H, Ph), 4.36 and 4.03 (2 d, 2 H, J 9 Hz, dioxolane CH,),
3.24 (s, 2 H, dihydrofuran CH,), 1.97 (s, 3 H, Ac), 1.58 and 1.47 (2 s, 6 H, CMe.):
(CsHg): 6 4.15 and 3.65 (2 d, 2 H, J 9.6 Hz, dioxolane CH,), 3.24 and 2.98 (2 d,
2 H, J 16 Hz, diastereotopic dihydrofuran CH,), 1.84 (s, 3 H, Ac), 1.54 and 1.32
(2 s, 6 H, CMe,).

Anal. Calc. for C,gH,0,: C, 70.07; H, 6.57. Found: C, 71.11; H, 6.58.

Ethyl pL-2-benzoyl-5-hydroxy-4-oxopentanoate (11d). — This hydrolysis was
accomplished as described above for 9b, using 94 (2 g) and 507, aqueous acetic acid
(200 ml), to give 11d (1.3 g), b.p. 88-90°/0.1 Torr; A5:0M 249 (¢ 1.92 x 10*) and 210
nm (g 1.74 x 10%); vfilm 3450, 3050, 2970, 2900, 1750, 1710, 1700, 1660, 1620, 1580,
1560, 1430, 1370, 1350, 1300, 1250, 1200, 1140, 1100, 1080, and 1060 cm™!. !H-N.m.r.
data: & 8.0-7.52 (m, 5 H, Ph), 4.20 (q, 2 H, 7 8 Hz, OCH,CHj3;), 1.28 (t, 3 H, / 8 Hz,
OCH,CHs), 4.15 (t, | H, J 7 Hz, H-2), 3.98 (s, 1 H, OH), 3.92 (s, 2 H, H-5), and
2.70 (dd, 2 H, J 3 and 7 Hz, H-3). Mass spectrum: mfe 264 (M™), 246 (M — H,0).
219 (M — OEY), 205 (M — COCH,0H), 201 (M — H,0 — OE), 191 (M — CO,Et
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or M — CH,COCH,0H), 187 (M — Ph), 159 (M — COPhL), 105 (COPhL), 77 (Ph),
73, 59 (COCH,OH), 31 (CH,OH), 18 (H,O), and 17 (OH).

Anal. Calc. for C;4H,505: C, 63.63; H, 6.06. Found: C, 63.34; H, 5.96.

4-Benzoyl- 1-hydroxybutan-2-one (14d). — (a) A suspension of 9k (1.8 g) in
509, aqueous acetic acid (14 ml) was boiled under reflux for 2 h. After removal of
the solvents, the residue was recrystallised from water to give 14d (0.81 g, 71%),
m.p. 64-66°; AEOH 242 nm (¢ 1.31 x 10%); vfil™ 3420, 3050, 2900, 2850, 2790, 1720,
1675, 1590, 1570, 1440, 1390, 1360, 1350, 1290, 1230, 1205, 1170, 1124, 1070, 1010,
and 750 cm™ . 'H-N.m.r. data (CDCl;): é 7.8-7.48 (m, 5 H, Ph), 4.35 (s, 2 H, H-1),
3.30and 2.80 (2t,4 H, J 6 Hz, H-3,4). Mass spectrum: mfe 192 (M), 175 (M — OH),
161 (M — CH,O0H), 133 (M — COCH,0H), 119 (CH,COPh), 115 (M — Ph), 105
(COPh, 100%), 87 (M — COPh), 77 (Ph), 73 (CH,COCH,0OH), 59 (COCH,OH),
31 (CH,OH), and 17 (OH).

Anal. Calc. for C,,H,,05: C, 69.75; H, 6.25. Found: C, 69.75; H, 6.35.

() A solution of 9d (6 g) in ethanol (48 ml) was mixed with a sclution of
sodium hydroxide (10 g) in water (48 ml). After heating at ~100° for 1 h, the mixture
was cooled. acidified (8%, hydrochloric acid), and concentrated under diminished
pressure. The residue (2 g) was recrystallised from water to give 14d which was
identical (i.r. and n.m.r. spectra) with the product in (a).

3-Ethoxycarbonyl-5-hydroxymethyl-2-phenylfuran (8d@). — A solution of 9d
(1.4 ¢) in carbon tetrachloride (14 ml) and trifluoroacetic acid (1 ml) was boiled
under reflux for 1 h and then kept for 14 h at room temperature. After removal of
the solvent under diminished pressure, the residue was distilled to give 5d (0.33 g,
30%), b.p. 68-70°/0.1 Torr: v:i'™ 3500, 3060, 2980, 2935, 1790, 1740, 1685, 1655,
1640, 1625, 1595, 1450, 1410, 1370, 1330, 1265, 1200, 1150, 1095, 1030, and 685 cm ™.
1H-N.m.r. data: & 7.70-7.50 (m, S H, Ph), 5.55 (s, 1 H, H-4), 4.18 (dq, 2 H, J 6 Hz,
OCH,CHs), 3.85 (s, 2 H, CH,0), and 1.2 (dt, 3 H, J 6 Hz, OCH,CH,).

Anal. Calc. for C,,H,,0,: C, 68.29; H, 5.69. Found: C, 67.98; H, 5.40%.

Reaction of 1 with benzovilacetone (2¢). — The reaction was carried out in
toluene solution, as described for 2a. After removing the water produced in the
reaction, the mixture was boiled under reflux for 1 h before removal of the solvent.
The residue was distilled, yielding a mixture (17 g, 819 total yield) of isomers 9e
and 9g, b.p. 130-132°/0.2 Torr.

Anal. Calc. for C,gH,50,: C, 70.07; H, 6.57. Found: C, 69.90; H, 6.42.

Elution of a portion (7 g) of the mixture from Kieselgel 60 (Merck, 7734) with
light petroleum—ethyl ether (6:4) gave, first, DL-8-benzoyl-2,2,7-trimethyl-1,3,6-
trioxaspiro[4.4]non-7-ene (9g), b.p. 120°/0.2 Torr, m.p. 56°, Rg 0.37; 1SS 316 nm
(€ 2.8 x 10%); vKBr 3040, 2920, 2900, 2840, 1635, 1620, 1590, 1570, 1560, 1540, 1440,
1430, 1365, 1350, 1340, 1280, 1260, 1210, 1130, 1100, 1070, 1040, 950, 765, and 730
em™ ' '*H-N.m.r. data (CDCl;): 6 7.45 (m, 5 H, Ph), 4.3 and 3.99 (2d,2 H, J9 Hz,
dioxolane CH,), 3.20 (q, 2 H, J 1.2 Hz, dihydrofuran CH,), 1.90 (t, 3 H, J 1.2 Hz,
Me), 1.58 and 1.45 (25, 6 H, CMe,).

Eluted second was bDL-8-acetyl-2,2-dimethyl-7-phenyl-1,3,6-trioxaspiro[4.4]-
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non-7-ene (Je, 3.2 g), R 0.25, b.p. 121°/0.2 Torr, m.p. 58°, which was identical
(i.r. and n.m.r. spectra) with the product obtained by reaction of methyl-lithium
with 9k. .

The haloform reaction of 9e was carried out as described for 9¢, but starting
from the mixture of 9e and 9g (4 g). The second of these isomers was not affected
and was removed by extraction with ether (60 ml) before acidification. The isomer 9e
was transformed into 9k which was identical (i.r. and n.m.r. spectra) with the product
prepared from 9h (see above).

Reaction of 1 with methyl malonate (2f). — A solution of 1 (18 g), 2f (19 g),
and piperidine (10 ml) in toluene (200 mi) was boiled for 20 h under refiux. After
removal of the solvent under diminished pressure, the residue was distilled to give,
first, a fraction (7.2 g), b.p. 88-92°/0.5 Torr, containing methyl (45)-4,5-isopropylid-
enedioxy-2-methoxycarbonylpent-2-enoate (6f) and methyl 4,5-isopropylidenedioxy-
2-methoxycarbonylpent-3-enoate (8f) (Rg 0.4 and 0.6, respectively; t.l.c., Kieselgel
GF,s,, methyl ether-light petroleum, 2:3).

Anal. Calc. for C;;H,404: C, 54.10; H, 6.56. Found: C, 54.01; H, £.53.

The second fraction, b.p. 103-105°/0.5 Torr, contained only 8f; AE'OH 224 nm
(c 1.68 x 10*); xf‘;f“;‘ 2998, 2940, 2860, 1750, 1740, 1700, 1685, 1675, 1640, 1625, 1600,
1560, 1540, 1460, 1440, 1385, 1375, 1260, 1215, 1150, 1120, 1055, and 1020 cm ™.
'H-N.m.r. data 4 4.90 (dt, 1 H, J 10 and 5 Hz, H-3), 4.52 (m, 2 H, dioxolane CH,),
3.68 (m, 7 H, OMe, H-2), and 1.42 (s, 6 H, CMe,). Mass spectrum: mfe 244 (M ™),
229 (M — Me), 185 (M — CO,Me), and 59 (CO,Me).

Anal. Calc. for C,;H,,04: C, 54.10; H, 6.56. Found: C, 53.93; H, 6.67.

A solution of the mixture (4 g) of 6f and 8f in carbon tetrachloride (30 ml)
containing trifluoroacetic acid (0.5 ml) was boiled for 1 h under reflux. After removal
of the solvent under diminished pressure, the residue was distilled to yield known>®
methyl trans-4,5-isopropylidenedioxypent-2-enoate (16, 1.4 g) b.p. 60-62°/0.2 Torr.

trans(?)-3,1 I-Dimethoxycarbonyl-2, 10-dimethyl-1,6,9, 1 3-tetraoxadispiro[4.2.4.-
2tetradeca-2, 10-diene (17b). — A solution of 9b (3 g) and trifluoroacetic acid (1.5 ml)
in carbon tetrachloride (30 ml) was boiled for 1 h under reflux under anhydrous
conditions. After 12 h at room temperature, the solid (0.7 g) was collected and dried
to give 17b, m.p. 128°; AE'OH 248 nm (e 1.71 x 10%);vEBr 3000, 2950, 2920, 2880, 2840,
1710, 1660, 1460, 1445, 1390, 1380, 1310, 1240, 1200, 1150, 1130, 1110, 1050, 985,
965, 935, 850, and 675 cm™*. "H-N.m.r. data: (CDCl;): 0 4.18 and 3.69 (2 d, 4 H,
J 12 Hz, H-7,14), 3.69 (s, 6 H, 2 OMe), 2.76 (q, 4 H, J 2 Hz, H-4,12), and 2.25 (t,
6 H, J 2 Hz, 2 Me). Mass spectrum m/e 340 (M ™), 309 (M — OMe), 187 (M — 153),
170 (M/2), 153 (1009;), 139 (153 — COCH,), and 59 (CO,Me).

Anal. Calc. for C,H,q05: C, 62.34; H, 6.49. Found: C, 62.53; H, 6.60.

trans(?)-3,1 I-Diacetyl-2, 10-dimethyl-1,6,9, 1 3-tetraoxadispiro[4.2.4.2Jtetradeca-
2,10-diene (17¢). — Using a method similar to that described above for 17b, but
using a double proportion of trifluoroacetic acid and longer boiling under reflux (24 h),
9¢c (4 g) was converted into 17¢ (1.7 g, 46 7). m.p. 119-120° (from carbon tetra-
chloride); ASHC 268 nm (e 2 x 10%); v it 2978, 2930, 1730, 1665, 1620, 1450, 1430,

max
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1375, 1250, 1210, 1155, 1115, and 1060 cm ™ *. '"H-N.m.r. data (CDCl;,): 0 4.21 and
3.71(2d,4H,J 12 Hz, H-7,14), 2.8 (q, 4 H, J 1.6 Hz, H-4,12), 2.27 (t, 6 H, J 1.6 Hz,
2 Me), and 2.2 (s, 6 H, 2 COMe). Mass spectrum: m/fe 308 (M*), 137, and 153
M — 137 — H,0).

Anal. Cale. for C;cH,,O4: C, 56.47; H, 5.88. Found: C, 56.31;: H, 6.02.

trans(?)-3,1 I-Diethoxycarbonyl-2,10-dimethyl-1,6,9,1 3-tetraoxadispiro[4.2.4.27-
tetradeca-2,10-diene (17a). — Using a method similar to that described above for 17b,
9a was converted into 17a (62%); A5ac™ 248 nm (e 1.73 x 10%); vKBr 2980, 2920,
2870, 1740, 1650, 1450, 1430, 1375, 1360, 1310, 1210, 1150, 1100, and 1060 cm™!.
'H-N.m.r. data (CDCl;): 4 4.16 (q, 4 H, J 2 Hz, 2 OCH,CH},), 4.08 and 3.76 (2 d,
4 H, J 12 Hz, dioxane CH,), 2.24 (t, 6 H, J 1.8 Hz, 2 Me), 2.76 (q, 4 H, J 1.8 Hz,
dihydrofuran CH,), and 1.23 (t, 6 H, J 2 Hz, 2 OCH,CH;).

Anal. Calc. for C,3H,,0g: C, 58.66; H, 6.57. Found: C, 58.57; H, 6.71.
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