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The structure of a by-product obtained during the
chloromethylation of methyl 2-furoate’

Patrick A. Finan,* Caroline M. Lardner and Paul T. O’Sullivan
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The structure of a crystalline by-product obtained during the chloromethylation of methyl 2-furoate 1 has been
established as 1,1-bis(2’-methoxyfuroyl-5’-methylenoexy) methane 5.

Treatment of methyl-2-furoatel with paraformaldehyde, Saponification of the diestéy with sodium hydroxide in
anhydrous zinc'chloride, and dry hydrogen chloride in chlo-aqueous ethanol gave a crystalline dicarboxylic acid, for
roform at 38C gave methyl 5-chloromethyl-2-furoa?eas a ~ Which microanalytical data, IR!H and 3C NMR spectra
distillable oil which subsequently crystallised (65% yield). agreed with structuré. The mass spectrum 6fdid not show
The residue after the distillation gave a crystalline compounct molecular ion peak; the highesfzvalue was 207, which
(10% yield) mp 76—78°C, to which we assign structire corresponded to the loss of two (Ogroups from the parent

A British patent covering the preparation of esters of molecule, with transfer of a hydrogen atom to the charged
5-chloroalkyl-2-furoic acide.g. 2, has described that treat- fragment. The base peak of the spectrum had81,
ment of methyl-2-furoatel with formaldehyde, hydrogen corresponding to the furfuryl ion (8:0)". On heating with
chloride and zinc chloride in dichloromethane at 20 °C gavecopper bronze in quinoline, aciunderwent decarboxyla-
compound2 (60% vyield) as well as a higher boiling product tion®to give syrupy 1,1-bis (Furfuryloxy) methane?, whose
(20-25% yield) formulated & When the chloromethylation ~Structure was confirmed byH and **C NMR spectra.
reaction was carried out at 70°C in the absence of solvent, dgompound?, which represents the molecular core of by-prod-
in the presence of aluminium chloride and tetra- uct5 was synthesised (70% yield) by reaction of furfuryl alco-
chloromethane, in addition @ a distillable product formu-  hol with dibromomethane in N,N-dimethylformamide in the
lated a%! was obtained. No supporting evidence was recordedresence of sodium hydride at room temperature. Using the
for structures8 and4. Vilsmeier-Haak reactiofi, compound7 with phosphorous

The IR spectrum of compouridshowed absorption for the 0xychloride and N,N-dimethylformamide, followed by a
ester carbonyl group (1731-#1and for the furan ring (1602, hydrolytic working up, gave the bis-formyl compouidThe
1543 cntl). TheH NMR spectrum had five types of proton latter was characterised on the basis of ml_croanalytlcal (_Jlata,
signal in the rati® : 2: 1: 1 : 1,whereas each of structurgds  H and**C NMR spectra, and the preparation of crystalline
and4 had four types of proton. As well as doublet signals for2.4-dinitrophenylhydrazone and semicarbazone derivatives.
3'-H and 4-H of the furan ring, and a singlet for the Me pro- OXidation of8 with oxygen and a cuprous oxide — silver oxide
tons of the ester group, the spectrum showed signals for twatalyst in alkaline medium gave the dicarboxylic aéid
distinct types of —CED— group,i.e. C — CH,— O —CH,—C The production of the diestBihaving three Ckigroups can
and for —-OCHO-. The3C NMR spectrum (aided bjiC be explainef as outlined in Scheme 1, with the protonated
DEPT) fully supported structur&. The mass spectrum Methanal speciesCH,OH playing a key role. Overall, the
showed a molecular ion peak miz324, corresponding to mechanism suggested resembles that which would be written
C,sH,O5- On the basis of the above evidence, the by-productor the acid-catalysed conversion of methanal into its acetal,

was formulated as 1,1-bis’¢hethoxyfuroyl-3-methyle-

neoxy) methané. +
Gy o CH;0, CLOH
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with the alcohol component being methyl 5-hydroxymethyl-2- 1,1-Bis(2’-formy}5’-furfuryloxy) methane8

furoate9.

Experimental
General

Phosphorous oxychloride (0.7 én7.5 mmol) was added dropwise
with stirring over 30 min to N,N-dimethylformamide (40 ¥mat
-5 °C. The mixture was kept at 0-5 °C for 40 min and 1,1,bfs(2
furyloxy) methane7 (1.4 g 6.7 mmol) inN,N-dimethylformamide
(20 cn?) was added dropwise. After reaching room temperature the

The NMR spectra were recorded on a Jeol JNM - LA -400 FT instru-Mixture was stirred for 18 h, and was then poured into ice-water

ment, with MgSi as internal standard. Mass spectra were recorded b

)((60 cn?). Aqueous potassium carbonate (1.32 g in 58 &% mmol)

Drs. Morris and Reidy in the Athlone Institute of Technology, Ireland, Was added; the mixture was stirred for 16 h, and was extracted with

using a Shimadzu GC/MS QP 2000 instrument
1,1Bis - (2'- methoxyfuroyl 5" - methyleneoXymethanes

ether. The extract was washed with water) and with brine. After
drying (NaSQ,), the solution was evaporated under reduced

Treatment of methyl 2-furoate (63g, 0.5mol) in chloroform Pressure. The resulting syrup was chromatographed on silica gel
(125 cnd) with dry hydrogen chloride, paraformaldehyde (21.5 g) (150 9). Elution with dichloromethane-acetone (éLO. 1viv) gave
and anhydrous zinc chloride (18.5g) at 35°C for 3 h gave methyfl:1.Pis(2-formyl-5'-furfuryloxy) methanes (0.5 g, 28%), as white

2-chloromethyl-5-furoate (57 g, 60%) bp 95 °C/1 mm which gave

plates mp 33°C (Lit.} 33°C) on cooling. After distillation of the

product, the residue solidified. Recrystallation from EtOH gave 1,1

bis (2-methoxyfuroyl-3-metheleneoxy) metharig(15.5 g, 9.6%) as
glistening plates, mp 76-78°C (Found: C, 55.6; H, 4.5LHCO,
requires C, 55.6; H, 4.94%); \, (Nujol) 1731 (C = 0 ester), 1602,
1543 cn (furan ring); 3, (CDCL,) 3.89 (6 H, s, s, 2< OMe), 4.64
(4H,s, 2x OCH,), 4.82 (2H, s, OCHD), 6.49 (2 H, d, 4H) and
7.15 (2 H, d, 3H); 8, 51.9 (CHO), 61.4 (OCH), 94.0 (OCHO),
111.2 (C-4), 118.7 (C-3), 144.5 (C-5), 155.5 (C-2), and 159.0
(C =0); m/z324 (M, 43%), 165 (100%).
1,1Bis- (2'- carboxy- 5’ - furfuryloxy) methanes

Ester 5 (39, 9.25 mmol) in aqueous sodium hydroxide (2M
70 cn?) and ethanol (2 c) was heated at 90°C for 1 h. After cool-
ing, the solution was neutralised with dilute sulphuric acid, and the

crystals mp 51-53 °C (from EtOH) (Found: C, 58.8; H 4.25).
C,H,,0, requires C, 59.1; H, 4.58%); \ (Nujol) 2924, 2854
_(CHO§, 1671 (C = 0), 1528 and 1459 d’dfhran);éH(CDCls), 4.56
(4H,s,2x CH)0),4.74 (2H, s, OCKD), 6.47 (2 H, d, 4H), 7.13
(2H, d, 3-H), and 9.51(2H, s, CHO)p, 61.3, (CHO), 94.1
(OCH,0), 111.4 (C-4), 122.0 (C-3), 152.5 (C-5), 157.25 (C-2),
and 177.5 (CHO).

The formyl compound was treated with 2,4-dinitrophenylhy-
drazine in methanol containing sulphuric acid and after chrom-
atography on silica gel (dichloromethane as solvent) a
2,4-dinitrophenylhydrazone was obtained, red needles (from MeOH)
mp 105 -107 °C (Found: C, 48.3; H, 3.25; N, 17.5.;H0 N,O,
requires C, 48.1; H, 3.23, N, 17.9%).  (in CHCL) 390 mu E
' 25,700). The formyl compoun8 with buffered semicarbazide in
agueous ethanol gave a semicarbazone which was purified by chro-
matography on silica gel with dichloromethane-aceténel(v/v) as

product was extracted with ether. The extract was washed with wateLvent to give white plates (from EtOH), mp 210 — 212 °C (Found:
dried over NaSO, and was evaporated under reduced pressure. Thg 47 3. 4 4.73: N. 21.7 GH,N.O requires e A8 :
»al.o, M, A0S, N 2L {866

resulting solid was recrystallised from EtOH to give 1,1-biscé2-

boxy-5- furfuryloxy) methane (2.08 g , 76%) as white prisms, mp.

204 - 206°C (Found: C, 53.0; H, 4.04, 8,0, requires C, 52.7; H,

4.05%); V.., (Nujol) 3120 (furan ring), 2923 (O —H of acid), 1684

(C=0), 1537 and 1464 crh (furan); 5, [(CD,), SO] 4.57 (4 H,
S,2X CH,0), 4.75 (2H, s, OCED) 6.59 (2 H, d, 4H), 7.15 (2 H,
d,3-H) and 13.9 (2 H, broad s, OHj, 61.0 (CHO), 93.6 (OCHO),
111.5 (C-4), 118.5 (C-3), 144.9 (C-5), 155.4 (C-2), and 159.4
(C =0); m/z207 (M" -89, 26%), 81 (100%).

Decarboxylation ofl,1-Bis(2’-carboxy5’-furfuryloxy) methanes

22.2%).

Oxidation of1,1-Bis(2’-formy}5’-furfuryloxy) methane8

To aqueous sodium hydroxide (2.5%, 10F;naopper (1) oxide
(1.2 g, 8.4 mmol) was added followed by aqueous silver nitrate (0.1 g
in 15 cn¥, 0.59 mmol). The resulting dark brown suspension was
heated to 55°C. Vigorous stirring was started and a rapid stream of
oxygen was bubbled through, as the formyl compo8n@ g,
7.6 mmol) and aqueous sodium hydroxide (0.3g in 28 cm
7.6 mmol) were added simultaneously at such a rate as to maintain
the temperature at 50-55°C. Stirring and passage of oxygen were

Dicarboxylic acidé (0.75 g, 2.5 mmol), copper bronze (1g) and continued for 4 h. The mixture was filtered and the filtrate was
quinoline (15 cr) were heated to 220 °C, when decarboxylaton pro- extracted with ether (X 30 cn?). The extract was washed with

ceeded_smoothly. After liberation of the required volume of, CO water (x 3) and with brine. After drying (N8O, the solution was
(112 cn?), the mixture was cooled and was extracted with ether. Theevaporated under reduced pressure. The resulting solid was chro-
extract was washed (dilute,80,, water, brine) and was dried matographed on silica gel with dichloromethane-acetone (10:1 v/v)

(Na,;SQ,). Evaporation under reduced pressure gave a syrup whichys

eluant. 1,1,Bis(2carboxy-3-furfuryloxy)methane6 (1.67 g,

was chromatographed on silica gel with ether-light petroleum749%) was obtained as white prisms (from MeOH) mp and

(b.p. 40-60°C) (@: 1 v/v) as eluant. 1,Bis(2’-furfuryloxy) methane

mixed mp 204-206 °C. The NMR spectroscopic data were identical

7 was obtained as a golden syrup (0.33 g, 62%) (Found: C, 63.7; Hio those obtained for the compouBicbbtained as described above.

5.91. G,H,,0, requires C, 63.5; H, 5.77%9;, (CDCL;) 4.57 (4 H, s
2 X CH,0),4.76 (2 H, s, OCKD), 6.34 (4 H, d, 3H and 3-H), and
7.41 (2H, t, 4H); &, 61.0 (CHO), 92.9 (OCHO), 109.5 (C-3),
110.25 (C-4), 142.9 (C-5), and 151.2 (C-2.

Synthesis of,1-Bis(2’-furfuryloxy) methaner
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Sodium hydride (80% in oil, 3.9g, 0.13 mol) was added over References

30 min to furfuryl alcohol (10 cf 0.12 mol) in N,N-dimethylfor- 1
mamide (150 cr¥) at 0°C. After stirring at room temperature for 1 h,

the solution was re-cooled to 0°C and dibromomethane (£1cm »
0.6 mol) was added, while keeping the temperature below 25°C. The
mixture was stirred at room temperature for 18 h, during which three 3
further additions of dibromomethane (total, 1.4c20 mmol) and
sodium hydride (0.6 g, 20 mmol) were made at 4 h intervals. The 4
brown mixture was cooled to 0°C and methanol (28)amas added.
Evaporation under reduced pressure gave a dark syrup, which was
taken up in chloroform (150 cin The solution was washed (water, 6
brine), dried (NgSO,) and evaporated to a dark syrup which was
chromatographed on silica gel (120 g). Elution with dichloromethane
gave 1,1-bis(2furfuryloxy)methane7 as a golden syrup (8.7 g,
70%), identical with the product described above.
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