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Abstract—The first results on reactivily of fumaraidehyde 1n cychsaion reactions are descnibed. functionalised
furans and polyunsaturated molecules 9 were obtaned by intermolkecular condensation of fumaraldehyde with
aclive methylene compounds ia acidc media. The mechannm of the reaction 1s discussed and the formation of a

new won carboayl complex is descnibed as well

2, 5-Drhydro-2, Sdimethoxy-furan | (DHDMF) is a pre-
cursor of malealdehyde 2; 1 is stable under both alkaline
and neutral conditions. but in acidic media the ring 15
opened and the dialdehyde 2 is formed. This compound 15
particularly labile: until now there are no other data on
its synthesis, isolation and purification. As a rule, the |,
4-dicarbonyl compound is not isolated, but the aqueous
solution containing 2 is directly used for further syn-
theses. consisting of intramolecular or intermolecular
condensations.'

In acidic media 2 can be partly isomerised to fumaric
aldehyde. yielding a cis-trans equilibnum, in which the
transdialdehyde 3 is nearly 27%, as reported by
Hufford. et ol
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The reaction of | with active methylene compounds of
type 4.1n acidic media allowed the synthesis of a new
class of furan denvatives § in high yields.’ These com-
pounds have shown to be efficient and versatile pre-
cursors of the cyclopentenones.’ Up till now, the reac-
tions observed have been attnbuted to the cis-dialde-
hyde, the reactivity of the irans-dialdehyde 3 is un-
known.

In this paper we wish to describe a novel cychsation
reaction which affords functionalised furans by a simpie
procedure, by reaction of 3 with active methylene com-
pounds in aqueous media.

Efficient methods for preparing 3 have not been found in
the hterature; a very few patented syntheses are reported,
based on the same procedure; the acid<catalysed
1somerisation of 2 (obtained by hydrolysis of DHDMF) 10
3. and s following laborious isolation.’
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We have found it more convenient and cheaper to
prepare 3 is sitw and use it without further purification
The addition of an active methylene compound (e g acety-
lacetone) to an aqueous solution of 3 (prepared by hydrolysis
of 1in acidic media for 24 hr at room temperature) furnished
2 new compound &, whose structure was completely in
agreement with the analytical and spectroscopic data. In
particular, the double bond was trans-IR: 957cm ' 'H-
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NMR: 6.758(d.1H.J=17Hz),6148(d. 1 H,J = 1THa).

6 clearly comes from the trans-aldehvde 3. by inter-

molecular condensation with two molecules of acetyl-
acetone and subsequent, acid<catalysed cyclisation. Both
aldehydes were present in the acidic media. the obser-
ved high reaction rate with 4, preventing a possible, slow
interconversion,” led to the compound § (R=H:
X=Y=CH.), besides 6. in the ratio 2 5-3:1. Further-
more, we can exclude an acid<catalysed cis-trans
1somerisation after the condensation of 2 with 4, because
the pure cis-aldchyde gave only 8. also long reaction time
for'
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The reaction mechanism was explained by the initial
formation of the triene 7; its ring closure to furan é was
attributed to the formation of an extensively delocalised
carbonium ion 8, which could be intercepted in a
geometrically favorable manner by the oxygen of the
proximate ketone group (Scheme 1)

In this case we never isolated the tnene 7. on the
contrary the employment of both B-keto esters and
B-diesters allowed to obtain only the triecne 9 The
trans-stereochemistry of the tnenes 9 was deduced only
from IR data (950cm ).
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Studies on reactivity of fumaraldehyde

%a and 9, in more drastic conditions by treatment with
an ethereal solution of HCI immediately and quan-
titatively were cychsed to furans 10, in agreement with
the above proposed mechanism. 6, 10a and 100 are
completely enolised (enolic protons respectively at 17.05,
14.20 and 13.40 &), on the ground of 'H-NMR data.

The triene 9¢ did not undergo ring closure, even under
more drastic conditions. This result can be attnbuted to
the lower nucleophilic character of an ester group in
comparison with a keto group. hindenng both the pro-
tonation and the following cyclisation (Scheme 1)

The yields of 6 and 9s-c, based upon the DHDMF.
were between 20-30%.

It 13 noteworthy that these compounds can undergo
casily an acid-catalysed B-diketonic fission, directly to
11 in hgh yields
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% showed the interesting capability to form an iron
carbonyl complex. In fact. by reaction with Fe {CO. 1t
gave almost quantitatively a mononuciear complex; from
the spectral evidence, this seemed to have the structure
12. There are three bands in the region va., 2000cm ™'
[Fe{CO)). while the NMR spectra showed “inner and
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outer” protons, according with the proposed siructure:
718(m, 1H).62-5758(b. m, 2h), 0985 (m. 1 H). The
isomerisation of the olefinic double bonds in polyun-
saturated compounds has been described.’

12 was stable under acidic condition {ethereal hydro-
chionc acid. room temp for 48h). while it gave back
the starting material %¢ for treatment with trnmethylamine
N-oxide. We are studying now the synthetic applications
of this complex.

EXPERDMENTAL

'"H-NMR spectra were taken with a Perkun-Eimer R-32 spec-
trometer, with TMS as internal standard. IR spectra were taken
with a Perkun-Elmer 257 Infracord spectrometer Mass spectra
were obtained with an AEl MS-12 spectrometer at 70eV, by
unng duect nsertion at source temperatuse of 150°. Commercial
Merck Suxa gel was used for column chromatography Carlo
Erba precoated Suica gel plates were used in TLC The chvoma-
tograms were detected by spraying with $ N H,50, and heatmg
at 110 for 10min 1.3-Drcarbonyl compounds. all commercialls
avadable, were utthsed dwectly without purficaton DHDMF
{prepared through the procedure by Hufford et al ') was empluyed

without punfication

Tvpucal general procedure.

A soluson of DHDMF (630 mg. Smmol) in AcOH (13 ml),
1 2-dimethoxyethane (1S mi) and H,O (4 mi) was stuved for 24 h
at room temperature Then the solution was treated with ZnCl,
(3g. 22 mmol) and 1.3-ducarbonyl compound (X mmol) After
24 h the mixture was poured into water and extracted several
times with E1,0 The combined extracts were washed with
wturated aqueous NaHCO,, water and dned over anhyd N2 SO,
The solvent was removed n vacuo. The crude product was
chromstograpbed on S10,; and eluted with benzene-E1,0 9 1 1o
pve 6 and 99-< furan 6. 24%. needles from hexane, mp 79-81°,
'"H-NMR (CDCi,. 8117055, 1HL. 676 (d, I H.J=1THz} 614
(A TH. J= 1THz.L 648 (s, THL 263 (5. 3H)L. 238 (s, JH). 222
{s, 6 H), IR (1%, CHC),. »,,,)1680. 1385, 1400, 1378, 1170, 1085,
9 em .. \‘S mle 2‘8 (“" Calc for (-uH Wl C. 6773 H 640,
found C.67 81 H 6 45% %a. Yield 24% Needies from E1.0. mp
143-145°; 'H-NMR (CD,COCD,: 8) 728 (m. 4H). 431 (q. 4 H).
233 (s, 6HL 1 33 (1. 6H). IR (1%, CCL. va,.) 1720, 1680, 1608,
1993, 1378 1360, 1290, 1440, 980cm . MS mie YOR (M) Calc
for C,\HpO, C 6233, H6 54, found C.6250. H 6 64% 9. Yield
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30%. Needles from hexane, m.p. 101-102°C 'H-NMR (CCL, 8)
T2 (m. 4H), 439 (q. ¢ H). 268 (q. ¢H). 142 (1, 6H). 112 (1,
6H). IR (1%, CCL. ».,.) 1720, 1680, 1195, 1120, 978cm ', MS
mie 336 (M°): Cak for C,¢Hp O C. 6427, H. 719; found C,
6421. H. 7.08%. 9% Yieid 3J0% Needles from hexase, mp
8187 'H.NMR (CCL. 8) 715 (m, 4H). 4.26 (q. 4H) 4.22 (q.
4H). 1 34 (1. 6H), 1.3) (1. 6 H), IR (1%, CCL. »,,,) 1720, 1680,
1627, 1392, 1380, 1305, 1150, 1063, 1030, 95cm '. MS m/e 368
(M*); Cak for C,;H,,04: C. 5869, H. 6.57. found C, 5865, H
6 39%

General cyclisation procedure

The incacs b were dinssolved into HCl-saturated Ei,0
After 1-2 min the solvent was removed o vacuo. The pure (urans
1000 were obtaned (yweld 100%). 108 Needies from hexane,
mp $1-33* 'H-NMR (CD,COCD,, ) 14.20(s. 1 H). 6 35 (d. | H.
J=17Hz), 650 (d. | H, J=17THz), 654 (s, 1 H), 433 (q. 2H).
420 (Q. 2H). 285 (5. 3H) 220 (5. 3H). 1.30 (m, 6 H). IR (1%,
CCL,. ra,,) 1740, 1670, 1630, 1260, 1245, 1100, 978¢cm"': MS me
308 (M°: Calk for C,HyO,: C.62.33. H.6.54; found C. 62 50, H
661%. 100 OU "H-NMR (CCL, & }13.40 (s, 1 H), 6.40 (d, 1 H,
Jo14HK2). 632 (d, IH, J= 14H2). 63 (3. 1 H), 4.25 (q. 2H),
421(Q. 2 HL 103 (q. 2 H). 257 (q. 2 HY. 1 30(m. 12 H). IR (1%,
CCli v, D714, 1641 1598, 1220, 968 cm™" . MS mie 336 (M°).
Cak for C,yH,, 0, C. 6427, H, 719 found C. 6412, H, T27%.
116 Concentrated H. SO, (1 8 ml) was added to a stured solution
of 10a (155mg, 0.5 mmol) n 1S mi of (4:1) scetooe-water The
mixture was stared at 70° for 24 h and then poused into water
and extracled several times with Et.0 The combmed extracts
were washed with water until neutrahity and dred over Na,SO,.
After the removal of the solvent w pacuo. the crude product was
chromatographed on Si0;. The elution with beazene-Et,0 9:1
gave %0 mg of pure 110 as oul (ywekd 76%). 'H-NMR (CCL, 8) 6.3}
(s, TH), 612 (m, 2H), 4.21 (q. 2H), 3.18 (m. 2 H), 2.54 (s. 3 H).
210(s. 3H). 1.32 (1, 3H), IR (19%6. CCL,. »a..) 1725 (broad), 1610,
1410, 1300, 1228, 1085, 965cm ' MS mie 236 (M"). Cak for
CiH, O, C.6609. H, 68}, found C.6621. H 6.97% 1la was
prepared under the same condihions as 110, from 6 (yekd 81%)
"H-NMR (CCL. $)633 (s, 1H).6 14(m. 2H).319(m, 2H). 254
(3. JH), 227 (5. 3H), 211 (s, 3H), IR (1%, CCL, va,.) 1730,
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1680, 1582, 1550, 1403, 1360, 1220, 1158, 955 cm"; MS mie 206
(M*):Cak for C;H,0,: C. 69.89; H. 684; found C. 6981, H
6 69%

Triene complex preparation

FedCO) (750 mg. 2 mmol) was added. under mitrogen. o &
solution of %¢ (600 mg. 1.63 mmol) in beazene (23 ml), previously
treated with aitrogen The suspension was stirred for 36 h at
r00m temperature. The solvent was removed in oacuo and the ol
crude product was chromatographed on Flonsu and eluted with
beazene-E1;0 1:1, treated with nirogen. The punficatoo
afforded 1o M0 mg of yellow ou complex 12 (yeld 95.4%).
'H-NMR (CDCl,. 8) 7.1 (m. 1 H). 6.2-5.75 (b.m. 2H). 098 (m.
1H), 4.15 (2q. $H), 1.25 (21, 12H); IR (1%, CHCI,. »,,,) 29%0.
2050, 1970, 1705 co ™' MS mie 508 (M*): Cak for Cy, H,,0,,Fe:
C.60 H 4T, found C. 49.69. H 4 3%

Stabiliy of the complex 13

1 M Hydrochlonc acud (1 ml) was added 1o a solstion of the
compiex 12 (S0 mg) 1o Et;0 (10 ml) The muture was stuved for
48 h at room tempersture. the comples was completely recovered
after the working up

Decomplesstion

Tnmethylamme N-oxxde (300 mg) was sdded to a soluton of
the tnene complex 12 (50 mg) 1a benzene (10 ml) and the mixture
was refluned for 1 Sh The usual work up afforded quantitatively
the starting trene $¢
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