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Abstract—S5 -

Methy! - 2 - furylcarbinols 3 have beea converted into 3-oxocyciopestene derivatives 4 throwgh a
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electrocyclic reaction of s 4« electrons sysiem. An application relative o the synthesis of ( + ) aliethrolone is reported.

reported.

We have recently reported a new and eficient synthesis
of 4substituted $ - hydroxy - 3 - oxocyclopentenes 2
through acid-catalyzed rearrangement of 2-furylcarbinols
l.andmapphunonmtbemndmdmﬁddyﬂded
some interesting intermediates.'
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R = phenyl
= hexy!
R = methyi

The extension of this method to 5 - methyl - 2 -
furyicarbinols 3 unexpectedly failed, since only s mix-
ture of products was obtained and characterized by the
absence of any CO function in the IR spectrum. By
electron donor effect, the Me group on the furan ring
increased the reactivity (and consequently the instabdlity)
oftheeompolmds:!macndmedmmprevenungthe
rearrangement from occurring.”

In this paper we wish to report & resolution of this
problem, being the conversion of 3 o 3-oxocyclopen-
tenes 4 carried out by a weak Lewis acid used as
electrophilic catalyst. Zinc chloride was chosen since it
did not appear to be a protoa donor under the usual
reaction conditions, while anslogous solutions of other
halides, as SaCl; or CdCl,, are acid to litmous.”

0

In fact, S - methyl - 2 - furylcarbinols 3, after treatment
with zinc chioride in acetone-water mixture at 60° for
several hours, were directly converted into 4-substituted
5 - hydroxy - § - methyl - 3 - oxocyclopentenes 4 (Table

“The invostigation was supported by the Italias CN.R.

42 Poryicarbisols are generally very usstable composnds.?

“Tho aquoows solition of ZaCl is scid (pH=4), but, is
acetone-wator mixture, pH vajue rises (0 6-7. Under the same
couditions, the solwtion of MgBr, is noutral 100, but the rear-
rsngemseat of 3 10 4 did not occwr.

s

1). All new compounds showed spectral data (IR and 'H
M)mmplﬁdymwmhthemmwd
for simiar products:’ eg. 4a: IR spectrum (neat,
Veearx €YY mo mo 1640, 1595. '"H NMR spectrum
(CCls, 8): 7.20 (d, IH, 1-H; I=6Hz), 595 (d, 1H, 2-H;
J=6Hz), 5.75 (m, 1H, -CH-CH=CH,H,), 5.10 (m, 1H,
~CHz-CH=CH,H,), 4.95 (m, I1H, -CH-CH=CH H,), 3.5
(broad s, tH, 5-OH), 2.35 (m, 1H, 4H), 1.95 (complex m,
2H, -CHr-CH=CH,H,), 1.34 (3, 3H, 5-Me).

Zinc chioride and the compounds 3 were used in
nearly equimolar ratio, while the best yields were
obtained with the molar ratios H;0/ZoCl, reported in
Tabile 1.

When the furylcarbinols 3 contained an alkyl group as
substituent R, the reaction was always characterized by
an extremely low rate, poor yields, and, most of all, by
the formation of unidentified by-products, which did not
show any signal indicative of CO functions in their IR
spectra. When R was an aromatic substituent, the reac-
tion was much faster and the yields of 4 were excellent.

The mechanism could be explained in terms of a
thermal electrocyclic reaction of a 4x electrons system,
that is conrotatory:’ presumably, it involved an initial
clectrophilic attack upon the sicobolic function by the
zinc jon, leading to an intermediate 8, from which the
carbonium ion 6 could be generated.

The formation of 6 (and its relative stability) scemed to
be the key step towards the following rearrangement:
when R was an aromatic substituent, this step was ener-
getically favoured and the intermediate 6 was stable
enough to undergo the attack of H,O on 5C atom. When
R was an alkyl group the same step was less favoured
becanse of the lower stability of ¢. This could explain the
decrease of reaction rate, the poor yields of 4e—c, and the
remarkable amounts of undesired by-products.
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mechanism, proceeded in stereospecific manner: in fact
in all 'H NMR spectra the signals relative both to the Me
group at § in de-{ and to the proton at 4 in 4d-f presented
as very clear singlets, sure sign of high steric purity.
Between the two possible pairs (I and II), only | was
formed, as indicated by 'H NMR data.

The Me group at 5 in 4a—c was found to have the usual
chemical shift (1.37 &, for ex., in 4cyclobexyl derivative
4e), while the same Me in 4d-{ was shifted upfield (0.85 &,
for e.g. in 4-phenyl derivative 4d) because of the shieid-
ing effect induced by the aromatic ring in cis configura-
tion.

Although sometimes the yields are rather low, this
method always presents a real usefulness, because it
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Table 1.
Starting saterials Nolar ratio Time/h Products Yields % *
H,0/2nC1
2
Ja B = allyl 8/1 12 4a 35
-3b R = n-butyl 16/1 72 4b 18
3e R = cyclohexyl 8/1 72 4c 16
34 R = phenyl 16/1 24 44 70
Je R = 2-thienyl 16/1 4 4e 85
3f B = p-tolyl 16/1 4 } 4 65
*All yields refer to isolated, chromatographically pure products.
- In{OH)* l H
] — [ ] . = . ==
0 R zn" O 0
oM Zn:OH H
3 .1 6
H H
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allows a rapid synthesis of interesting products using a
simple and cheap procedure. lnfactafwadmnonon
basic alumina, 4a underwent the known conversion® to
() | - methyl - 2 - allyl - 5 - hydroxy - 3 - oxocyclo-
pentene 7a. (¥) allethrolone, with high yield (95%).

The assignation to 7a the structure of allethrolone was
based on 'H NMR data, which were identical with the
ones reported in literature.* 'H NMR spectrum (CCls, 8):
5.65 (complex m, 1H, ~-CHCH=CHH,), 5.02 (m, 1H,
—CH-CH=CH.Hy), 481 (m, 1H, -CH,CH=CH,H,), 4.57

(e}
AkOS /@[\/
o] HO
40 7o

(m, 1H, S-H), 2.85 (d, 2H, -CHrCH=CH_H,), 2.65 (dd,
1H, 4H; J, = 18Hz, J,=6Hz), 2.15 (dd, IH, 4$H; J, =
18 Hz, J; = 3 Hz), 2.05 (s, 3H, 1-Me).

EXPERIMENT AL

'H NMR spectrs were taken with a Jeol 50 HL spectrometer,
using CCl, soln with TMS a3 an internal standard. IR spectra were
taken with a Perkin-Elmer 257 spectrometer. Mass spectra weré
oained with an AEI MS-12 spectrometer at eV, by using
direct insertion at source temp. of 150°. Commercial Merck silica
gel and Woelm alumina were used for cotomn chromatography.
Merck precoated silica gel plates were used in tic. The chroma-
tograms were detected by spraying with SN H;SO, and beating
at 110° for 10 min.

S - Methyl - 2 - furylallylcarbinol 3a. 5g of $ - methy! - fursn -
2 - carboxyaidehyde, diduted with 12 sl anbyd Et,0, were added
at 0° to the Grigaard reagost prepared from 2.4 g Mg, 7.5 ml allyl
bromide in 25 mi anhyd Et,0.% After 1 b, 100 m! of & cold soln,
satd with NH.Cl, were added and the mixture was stirred for



A pew synthesis of 3-oxocyclopentenes

2hr, Then the usual work-up yielded 6.6 g of crude product that
was purified through chromatography on Si0,. The elution with
CeHe-E1,0 gave 6 of pure, oy 3a (87%). (Found: C, 71.15; H,
8.09. Cak. for CoH 70y: C, 71.03; H, 7.95%). IR spectrum (flm,
Vous ') 3400, 1670, 1570. 'H NMR spectrum (CCl, 8): $.90
d, 1H, 3-H), 580 (m. IH, ), 6.1-5.4 (complex m, 1H, -CHr
CH=CH,H,), 5.10 (m, 1H, -CH-CH=CH,H,), 488 (m, IH, -
CH,-CH=CHH,), 450 (1, IH, -CH-OH), 2.42 (m 2H, -CHr
CH=CH,H,), 2.22 (s, 3H, 5-Me). MS, m/e: 152 (M*).

S - Methyl - 2 - furylbutyicarbinol ®. 15 ml 1.5 N n-BuLi sola
were added at 0 to 182 mi $ - methyl - furan - 2 - carboxyalde-
byde. After 30 min 50 ml of a coid soln, satd with NH.Cl, were
added and the mixture was stirred for 1hr. The usual isolation
procedure yielded 3.0g of crude product which was chromato-
grapbed on Si0; The elution with CHeEt,0 9:1 afforded
2570¢ of pure, olly W, (85%). (Found: C, 71.20; H, 9.75. Cak.
for CyqH10x: C. 71.39; H, 9.59%). IR spectrum (Alm, .., cm™’):
3400, 1560. 'H NMR spectrum (CClL,. 8): 5.98 (d, IH, 3-H), 5.0
(m, 1H, $H),4.50 (1, 1H, -CH-OH) 1.55 (broad s, 1H, -CH-OH),
2.20 (s, 3H, 5-Me), 1.32 (m, 6H, 3 -CHy), 0.98 {1, 3H, {CHyy
CHy), MS. mic: 168 (M*),

S - Mathyl - 2 - furyicyciohexyicarbinol 3. 2ml § - methyl -
furan - 2 - carboxyaldehyde, diluted with 125 m! anhyd Et;0,
were added at 0° to the Grignard reactive prepared from 1.5 mi
cyclobexy! bromide, 2.67g Mg in 10 ml anbyd Et;0.* The usual
work-up yielded 3.5 g crude product, which was puriied through
chromatography on Si0,. The elution with CH~Et0 4:1 gave
2.83 of pure, olly 3¢ (65%). (Found: C, 74.03; H, 9.20. Cak. for
CiaH 02 C, 74.19; H, 9.34%). IR spectrum (Blm, ra..c”'):
3400, 1560. 'H NMR spectrum (CCL, 8): $.84 (d, 1H, 3H), 5.70
(m, 1H, 4H), 4.10 (d, 1H, -CH-OH), 2.38 (s, I1H, -CH-OH), 2.21
(s, 3H, 5-Me). MS, m/e: 194 (M°).

S - Methyl - 2 - furylphenyicarbinol 3. 2.5 ml § - methyl - furan
- 2 - carboxyaldehyde, dilted with 20ml anhyd Et,0, were
added at O to the Grignard reactive prepared from 1.2 g Mg, § mi
bromobenzene in 10m! anhyd Et;O. After 1br, S0ml of & cold
soln, satd with NH.CL, and the mixture was stirred for | br; the
usual isolation yielded 4.15 g crude product which was chroma-
tographed on neutral ALO, B III. The elution with C(He-Et,O
4:1 gave 3.5 g of pure oily 3d (74%). (Found: C, 76.70; H, 6.68.
Cak. for C;H 10y C, 76.57; H, 6.43%). IR spectrum (fim,
Y €2 7Y): 3600, 3012, 1584, 1560. 'H NMR spectrum (CCL, 8):
7.22 (s, SH, pheayl protoas), 5.76 (s, 2H, furan protous), 5.50 (s,
1H, -CH-OH), 3.30 (broed 3. 1H, -CH-OH). 2.18 (s, 3H, 5-Me).
MS. mje: 188 (M").

5 . Methyl - 2 - furyl(2 - thienyl)carbinol Je. 1 ml § - methyl -
furan - 2 - carboxyaldehyde, diloted with 10 ml anhyd Et,O, was
added o the reactive prepared from 2.2 mi thiopheoe and 20 ml
1.5 N n-BuLi in 50 ml anhyd Et;0. After | hr, 50 mi of a cold soln
satd with NH.Cl were added and the mixture was stirred for
30 min. The usual work-up yielded 1.4 g crude product which was
chromatograpbed on neatral AlO, B 111 The elution with CHe-
Et;0 4:1 gave 1253 of pure, olly 3¢ (65%). IR spectrum (fim,
Pas S '): 3390, 1560, 'H NMR spectrum (CCl, 8): 7.05 (m, 1H,
thieayl 5-H), 6.75 (m, 2H, thienyl 3-§ and 4-H), 5.93 (d, 1H, furan
3-H), 5.72 (m, 2H, overiapping of furan 4-H and -CH-OH), 2.98
(broad 3, 1H, -CH-OH), 2.22 (s, 3H, furan 5-Me). MS, m/¢: 194.23
(M’ in agreement with the formula C\oH 00:S).

S - Mahyl - 2 - furyl(p - tolylicarbinol X. 18 ml § - methyi -
furss - 2 - carboxyaldehyde, diluted with 1S m! anhyd Et;0, were
sdded at 0° to the resctive prepared from 1g Mg, 43mi p-
bromotoluene in 20 ml ashyd Et;0. After 1hr, S0m! of a cold
soln, satd with NHC1, were added and the mixture was stirred
for 1 br. The usual isolation procedure yieided 3 g crude product
which was on peutral ALO, B [I1. The elution
with C{He-Et;0 9: 1 gave 1.6 g of pure, olly ¥ (44%). (Found: C
7131 H, 7.14. Cadc. for C3H,0y: C, 77.20; H, 6.98%). IR spec
trum (fim, »o.cm'): 3390, 3050, 3020, 161S, 1560. 'H NMR
(CCL. 8): 7.04 (m, 4H, phenyl ring protons), 5.73 (m, 2H, furas
protons), 5.46 (s, 1H, ~-CH-OH), 3.30 (broed s, 1H, <CH-OH)),
2.30 (s, 3H, -Me on benzese ring). 2.20 (s, 3H, Me oa furan ring).
MS, m/e: 202 (M*).

4- Allyl - 5 - hydroxy - S - methyl - 3 - oxocyclopentene 4a.

-
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S00 mg of 3a and 444 mg ZoCl,, dissolved in mixture of 20 ml
acetone and 0.48 ml H,O, were stirred at 60° for 72 br. The soin
was acidified to pH 3 with 2N H,SO, and was extracted many
times with Et;0. The ocutral combined orgasic extracts were
dried over NSO, and, after the removal of the solveat under
reduced pressure, the crude product was chromatographed on
Si0;. The etution with CHe—Et,0 2:1 gave 175 mg of pure, oily
4a (35%). (Found: C, 71.20; H. 8.17. Cak. for CoH,;0,: C, 71.03;
H. 7.95%). IR spectrum (£lm, ve., cm™"): 3400, 1700, 1640, 1595.
'H NMR spectrum (CCL, 8): 7.20 (d, 1H, 1-H; ] =6 Hz), 5.95 (d.
1H, 2-H. 1 =6Hz), 5.75 (m, IH, -CH,-CH=CH)), 5.10 (m, IH,
-CH-CHeCH,H,), 495 (m, 1H, -CH-CH=CHH,). 3.50 (s,
LH, S-OH), 235 (m, 1H, 4H), 1.34 (3, 3H, 5-Me). MS, m/e:
152 (M*).

4-N-Butyl -5 - kydroxy - § - methyl - 3 - oxocyciopentene
®. 500mg of 3 and ¥3mg ZnCl,, dissolved in 2 mixture of
20 ml acetone and 0.84 ml H,0, were stirred at 60° for T2 br. The
usual isolation procedure yielded 480 mg crude product which
was chromatograpbed oo SiO,. The clution with CHeEt,0 1:1
mve 30 mg of pure, olly & (18%). (Found: C, 71.30; H, 9.68.
Cak. for Cyliy0y: C. 71.39; H, 9.59%). IR spectrum (fim,
Yaas C ') 3400, 1695, 1595, 'H NMR spectrum (CCL, 8): 7.28
(d, 1H, I.H: J=6Hz), 585 (d, 1H, 2-4; I=6Hz), 3.63 (s. IH,
5-0H), 220 (m, IH, 4H), 1.25 (3. IH, 5-Me). MS, m/e: 168 (M*).

4 - Cyclohexyl - § - hydroxy - 5 - methyl - 3 - oxocyclopentens
4 500mg of 3¢ and 350 mg ZaCl,, dissolved in a mixture of
20 mi acetone and 0.38 ml H,0, were stirred at 60° for T2hr. The
usual work-up yielded 350 mg crude product which was chroma-
tograpbed on SiO;. The elution with CHy-Et;O 1:1 gave 80 mg
of pure, oily 4e, (16%). (Found: C, 74.30; H, 9.20. Cak. for
CuHuOs: C, 74.19; H, 9.34%). IR spectrum (film, rg,, com™'):
3390, 1695, 1595. 'H NMR spectrum (CCl,, 8): 7.20 (d, 1H, I-H;
J=6Hz), 581 (d. 1H, 2-H: ] = 6 Hz), 1.35 (broad 3, 1H, $S-OH),
210 (m, 1H, 4H), 1.37 (s, 3H, 5-Me). MS, m/e: 194 (M*).

4 - Phenyl - S - hydroxy - § - methyl - 3 - oxocyclopentene 4d.
500 mg of 4¢ and 350 mg ZaCl,, dissolved in » mixture of 20m!
acetome and 0.8 ml H,O, were stirred at 60° for 24 hr. After the
usual work-up, the crude product, 420 mg, was chromatographed
on Si0,. The elution with C(HeEt/0 1:1 gave 350 mg of pure 4d,
83 8 very dense oil, (70%). (Found: C. 76.40; H, 6.62. Cak. for
C1aH130;: C. 76.57; H, 6.43%). IR spectrum (CCL 1%, e, c8™').
3400, 1700, 1608, 1595. '"H NMR spectrum (CCl,. 8): 7.25 (d, 1H,
1-H; I =6 Hz), 7.10 (m, SH, sromatic protons), 5.98 (d, 1H, 2.4,
J=6Hz), 4.20 (broad s, 1H, 5-OH), 3.57 (s. 1H, 4-H), 0.85 (s, 3H,
S-Mc). MS, mie: 188 (M°).

4-(2- Thienyl) - 5 - hydroxy - § - methyl - 3 . oxocyclopentene
4. 500mg of 3¢, and 350 mg ZnCh,. dissolved in a mixture of
20 mi acetooe and 0.8 ml H,O, were stirred at 60° for 4 hr, After
the usual isolation procedure. the crude product, 495 mg, was
chromatographed on Si0,. The elution with C(He-E2,0 1:1 gave
425 mg of pure olly 4¢ (85%). IR spectrum (Bim, ro,, cm™'): 3400,
1700, 1590. 'H NMR spectrum (CDCly, 8): 743 (d, IH, 1I-Y;
J = 6Hz), 7.30-6.90 (complex m, 3H, thieny! protoas), 6.15 (d,
1H, 2-H: J = 6 Hz), 4.04 (s, IH, £H). 276 (s, IH, S-OH), 1.12 (s,
3H, S-Me). MS, m/e: 194.25 (M") in agreement with the formula
CiH 0:S.

4-n- Batyl - 5 kydroxy - S -methyl - 3 - oxcyclopentene
4. 500 mg of X and 350 mg ZaCh,, dissolved in a mixture of 20 ml
scetooe and 0.8 ml H,0, were stirred at 60" for 4br. The usoal
chromatographed on Si0;. The clution with C.He-Et,0 1:1 gave
325 mg of pare, oily 4 (65%). (Found: C, 77.39; H, 6.95. Cak. for
CiHO0x: C, T7.20; H, 6.98%). IR spectrum (film, yo,,co™'):
3400, 1695, 1595, '"H NMR spectrum (CCl,. 8): 7.27 (d, IH, I-H;
J=6Hz), 690 (m, 4H, aromatic protons), 5.98 (d, IH, 2-H;
J=6Hz), 4.28 (broad 3, 1H, 5-08)), 3.51 (s, 1H. 1), 2.25 (s, 3H,
Me oa benzene ring), 0.87 (s, 3H, S-Me). MS, m/e: 202 (M°).

(2) Allethrolone 7a. After adsorption of 125mg of 4a on
oeutral ALO, B 11 for 24 br the elution with CH~Et,0 1:1 gave
118 mg pare 7a (95%). (Fousd: C, 70.85; H, 7.90. Cak. for
CoHyy0:: C, 71.03; H, 7.95%). IR spectrum (lm, v, cm™"):
3400, 1693, 1640, 1635. For 'H NMR data see the initial section.
MS, mie: 152 (M*).
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