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Abstract —Reaction of formylfurancarboxylates with excess ethylene glycol in the presengdohfene-
sulfonic acid gives rise to (1,3-dioxolan-2-yl)furancarboxylates. Reduction of these products with lithium
aluminum hydride proceeds with preservation of the dioxolane ring. Except for 5-(1,3-dioxolan-2-yl)(hydr-
oxymethyl)-2-methyl-3-furan, the obtained alcohols are unstable. Chlorides derived from them decompose
under conditions of the MichaeliBecker reaction, and no phosphorylation products are formed. By contrast,
the above-mentioned stable alcohol by treatment with thionyl chloride in the presence of pyridine is converted
to a fairly stable chloromethylfuran. The latter compound reacts with sodium diethyl phosphite in benzene to
form the corresponding phosphonate that exists as a 1:4 mixture of two spectroscopically discernible con-
formers.

The problem of synthesis of phosphorus-containingedure for preparing halomethylfurans with protected
aldehydes of the furan series has not yet been solvedldehyde group and to involve them into the Mi-
It was previously shown that 2-(diethoxyphosphoryl-chaelisBecker reaction. For protective we chose the
methyl)furan is the only to undergo Vilsmeier formyla-dioxolanyl group, since it is sufficiently stable in the
tion [1]. At the same time, chloromethyl- and bromo-presence of reductants and is not split in anhydrous
methylfurfurals do not form phosphonates under condinedia in the presence of such acidic agents as pyri-
tions of the Arbuzov reaction [2]. In view of the dine hydrochloride. An overall scheme of the trans-
aforesaid, we set ourselves the task to develop a préermations is presented below.
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One of the isomers of the target phosphorylatedrom 5-acetoxymethylfurfural by the following
products, dioxolanel, we previously prepared scheme [3]:
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Approaches to other dioxolanylphosphonates o$trongly depend on the quality of manganese dioxide,
this series were not previously developed. which is hardly controlled. Therefore, the procedure
involving an aqueous pyridine solution of chromic acid
Hydroxymethylfuransll -V were used as starting was used. Compoundé$-V were oxidized at room
compounds. They were oxidized to the correspondintemperature, and the target aldehydéls-1X were
aldehydes. Previously [4] this reaction was carried oubbtained in satisfactory yields without admixture of
with active manganese dioxide in benzene, but it wathe starting alcohol. This result could not be achieved
found that the yield and purity of the final productswith manganese dioxide.

COOCH; HOCH, COOCH HOCH, COOCH;
o CH,OH CHs o coocH HOCH, o CHs CHs o CHs
I Il v \Y
COOCH, HOC coocH ~ HOC COOCH;
o 8 .
! D cho CHg/D\COOCHg HOCO\CHg CHs CHa
0 © O ©
VI VI Vil IX
Hydroxymethylfuransll and Ill are rather labile CH,OH
and form significant amounts of polymers on distillat- Vil + | + CH(OGHs)3
ion. We tried to oxidize crude products obtained by CH,OH
alkaline methanolysis of the corresponding acetoxy- COOCH;
methyfurans. In occurred that here aldehydésand H',  CH,O @
VIl are also formed in almost the same yields. |, CH CHs
CHyO @)
Acetalization of aldehyde¥I-XI was carried out Xl
with excess freshly distilled ethylene glycol in ben- CH,OH
zene in the presence @ftoluenesulfonic acid. The IX + | + CH(OGHs)3
evolving water was removed by azeotropic distillation CH,OH
with a Dean-Stark trap. Aldehyde¥I andVIlI under CHO(
these conditions gave 1,3-dioxolarnésand XI, while H* (|:H O/CH COOCH;
compoundsVIl and IX did not react. AldehyddX ZCH ,@
proved to be so passive that it could not even be in- 3 Chs
volved in condensation with malonic acid in pyridine,
which is usually quite facile with furancarbaldehydes. Xl

Further we studied reduction of the obtained com-
COOCH; CHiO|CH2 pounds with lithium aluminum hydride. The reaction
</ \S _OCH, /@\ OCH, was carried out in ether by addition of a solution of
o” CHI | CH300C CHz dioxolane in absolute ether to a boiling suspension of
OCH, o lithium aluminum hydride in ether with vigorous
X X| stirring.

The reduction of dioxolaneXl gave an unstable
To shift the acetalization equilibrium for aldehydesproduct that distilled with strong decomposition at
VIIl and IX to dioxolane formation, we tried triethyl 146-150°C (2 mm) and completely polymerized
orthoformate as dehydrating agent [6]. This methodvithin 1-1.5 h at room temperature. Because of the
proved to be effective, and dioxolan®#, XIV were fast gel formation in solution, we failed to obtain high-
prepared in 47% and 57% yields, respectively. Diethyfuality *H NMR spectra of this compound. On treat-
acetals were not formed. ment of the latter with 1 mol of thionyl chloride in
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ether in the presence of pyridine with cooling, heat

evolution and pyridine hydrochloride formation were CHZO\CH

observed. The pyridine hydrochloride was separated, LiAIH 4 CH,0”

and the filtrate was evaporated to give a dark brown X ——— CHs’@CHzOH

oil which polymerized within 1 h at room temperature. o

Treatment of the product sodium diethyl phosphite in XIV

benzene, too, resulted in polymer formation only.

Thus, the reduction of dioxolanél gives an alcohol Dioxolane XII is reduced with lithium aluminum

with a probable structurXIV , but rigorous structural hydride to form alcoholXV in 51% vyield. It is a
assessment is prevented by the high lability of thestable viscous oil which can be distilled in a vacuum

product. without decomposition.
CH,OH CHyCI
CH,OL @ soc,  CHO_ %
Xl — | CH CHy — 5 | CH CHs
CHO” o ® TohN . CHO” o
XV XVI
CHPO(OGHs)2
NaPO(OGH CH,0O.
aPO(OGHs), | 2 >CH 7\ CHs
CH,O 0]
XVII

Treatment of producKVI with thionyl chloride in  pound XVIII with analogous location of bulky sub-
the presence of pyridine in ether gives chloridel  stituents. Note that in both cases the existence of
which appreciably decomposes and darkens on distillapectrally discernible conformers was found in com-
tion. Pure compoun&VI can be handled for some pounds having bulky substituents in the 2 and 4 posi-
days. However, we failed to obtain high-qualitd  tions, i.e. when the substituents can not form a
NMR spectra of this compound, since its solutionsccommon conjugation system with the furan ring. In
always contain admixtures of oligomeric productsketones, alkyl carboxylates, nitriles, amides, and
Chloride XVI reacts with sodium diethyl phosphite phenyl derivatives this effect has never been observed.
in benzene under reflux. Strong heat evolution is ob-
served at the beginning of the reaction and stron
foaming takes place over the course of 2 h. Sodiu

chloride is precipitated as particles covered with . : Lo
sticky tar-like film. The reaction time is 8 h. Vacuumacr%r:éoﬁéJ englz(g)l/rié?na:tt% \1{2:21 tgﬁoﬂxlst;?g'gﬁo'&éhe

distillation of the decanted organic phase gives pho%?—vh. . I . .

. . ich can be quickly distilled in a vacuum in an
phonateXVII in 23% yield. Its*H NMR spectrum S0 " o 1.5-2qg bu>t/ quickly darkens just in the re-
contains doubled signals of the methyl group at th eiver. This compound gives no phosphorylation
furan ring and of the CHP group at the phosphorus products under conditions of the Michaekecker

atom. The intensity ratio of the upfield and downfield action. Only diethyl hydrogen phosphite could be

signals in both cases is 1:4. Hence, phosphonatg_.. : : :
- : . istilled off from the reaction mixture, while all the
XVIl exists as a mixture of two conformers with furan derivative tarred.

equal 6p values (22.8 ppm).
CHy,PO(OGH5),

The reduction of dioxolan&Xlll gives alcoholXIX
52% vyield. It is a relatively stable compound which
nly slightly decomposes on vacuum distillation.

Hence, (dioxolanyl)(hydroxymethyl)furans, despite
B the fact that the dioxolanyl substituent is a stronger
electron acceptor than alkoxyl, are not considerably

(CHs00PCH o CHa stabilized. Chloromethyl derivatives of dioxolanyl-
VI furans are evidently still more unstable than related
(alkoxymethyl)(chloromethyl)furans, because under

The same effect we previously observed with comeonditions of the MichaeliBecker reaction only one
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CH,0 CH,0
[ “"JCH_ CH,0H [ ZSCH_ CHCI
LiAH, CH,O SOCh  CH,O
Xl 2, 7\ — 7N
CHS CH3 CsHsN CH3 CH3
0) o
XIX XX

of the three obtained products gives the corresponding Methyl 4-formyl-2,5-dimethyl-3-furancarboxy-

phosphonate, while in the case of alkoxymethylfurantate (1X). Yield 69%, bp 95C (1 mm).*H NMR spec-
all the six isomeric dialkoxyphosphorylmethylfuranstrum, §, ppm: 2.43 s (furan C§J, 3.76 s (CHOOC),
were obtained [7]. 10.23 s (CHO).

Methyl 2-(dioxolan-2-yl)-3-furancarboxylate
EXPERIMENTAL (X). A mixture of 4.8 g of aldehyde/l, 5 ml of
thylene glycol, 0.1 g op-toluenesulfonic acid, and
The 'H NMR spectra were recorded on Tesla BS— :
487C (80 MH2) aﬁd Tesla BS 497C (100 MHz) spec-50 ml of benzene was refluxed with a De&tark trap

X . . _for 6 h, after which it was washed with a sodium
\tlflzgetg;f‘cd?atgﬁ'ﬂggeIﬁg(g‘ghglgfctf:em'cal shifts carbonate solution, dried over calcium chloride, and

distilled in a v:ilcuum. Yield 2 g (38%), bp 128
Oxidation of alcohols of the furan series to al- 130°C (1 mm). "H NMR spectrum,5, ppm: 3.75 s
dehydes with the Cornforth reagent (general pro- (CH3OOC), 4.05 m (dioxolane OCHi 6.35 s éld"
cedure).A solution of 0.06 mol of chromic anhydride ©xolane OCHO), 6.55 s (furan 7.27 (furan H).
in 6 ml of water was added dropwise with stirring and  Methyl 4-(dioxolan-2-yl)-5-methyl-2-furancar-

cooling to 20 ml of pyridine at 2@2°C. After 30-min  poxylate (XI). A mixture of 12.1 g of aldehyd#&/Il ,
keeping at 26C, a solution of 0.015 mol of an alcohol 12 m| of ethylene glycol, 0.1 g op-toluenesulfonic

in pyridine (1:1) was added dropwise over the coursgcid, and 60 ml of benzene was refluxed with a Dean
of 10-15 min. The reaction mixture was stirred for Stark trap for 6 h until the water had been removed
2-3 h and left overnight. The pyridine was removedcompletely. The resulting mixture was washed with a
at reduced pressure (bath temperature3%C), the  dulute sodium carbonate solution, dried over calcium
residue was diluted with equal volume of water, ancthioride, and distilled in a vacuum. Yield 7.8 g (51%),
the resulting material was triturated with chloroform.pp 126C (1 mm).H NMR spectrum, ppm: 2.31
The chromium hydroxide precipitate that formed wagfuran CH,), 3.73 s (CHO), 3.88 m (dioxolane
filtered off and washed with chloroform. The chloro- ocH,), 5.58 s (OCHO), 6.98 (furan H).

form extracts were washed with water, filtered once ,

more if necessary, and dried over calcium chloride, Methyl S-(dioxolan-2-yl)-2-methyl-3-furancar-
The solvent was removed at reduced pressure, solRpxylate (XIl). A mixture of 13.4 g of aldehyd¥IIl ,
target products were triturated with hexane and fil2> Ml of ethylene glycol, 15 ml of triethyl ortho-

tered off, and liquid ones were distilled in a vacuumformate, 0.1 g op-toluenesulfonic acid, and 50 ml of
chloroform was refluxed with stirring for 10 h and

Metyl 2-formyl-3-furancarboxylate (VI). Yield washed with a dilute sodium carbonate solution. The
46%, bp 102C (1.5 mm), mp 7#78C. "H NMR  chloroform layer was dried over calcium chloride and
spectrum,s, ppm: 3.86 s (COOCE), 6.78 s (furan distilled in a vacuum. Yield 7.4 g (47%), bp 130
H,), 7.63 s (furan M), 10.15 (CHO). 132C (1 mm).*H NMR spectrum,s, ppm: 2.50 s

(furan CHy), 3.78 s (CHO), 4.00 m (dioxolane

Methyl 4-formyl-5-methyl-2-furancarboxylate  OCH,), 5.74 s (OCHO), 6.59 s (furan ‘4
(VIl). Yield 52%, bp 116C (1 mm) slowly crystal-

2.63 s (furan CH), 3.79 s (CHOOC), 7.27 s (furan carboxylate (XIIl). A mixture of 9.6 g ('_)f aldehyde
H3), 9.78 s (CHO). IX, 20 ml of ethylene glycol, 10 ml of triethyl ortho-

formate, 0.1 g ofp-toluenesulfonic acid, and 100 ml
Methyl 5-formyl-2-methyl-3-furancarboxylate  of chloroform was refluxed for 10 h. The resulting
(VII). Yield 74%, syrupH NMR spectrumg, ppm:  mixture was washed with a dilute sodium carbonate
2.36 (furan CH), 3.76 s (CHOOC), 6.41 s (furan fy,  solution, dried over calcium chloride, and distilled in
9.21 (CHO). a vacuum. Yield 6.8 g (57%), bp 11214C (1 mm).
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'H NMR spectrumg, ppm: 2.21 s (furan C§), 2.38 s 4-(Dioxolan-2-yl)-3-(hydroxymethyl)-2,5-di-
(furan CH), 3.71 s (CHO), 3.84 m (dioxolane methylfuran (XIX) and its reaction with thionyl
CH,0), 5.98 s (OCHO). chloride. a. A solution of 8.4 g of dioxolanylfuran
, X in 10 ml of anhydrous ether was added dropwise

5-(Dioxolan-2-yl)-3-(hydroxymethyl)-2-methyl-  jith stirring to a suspension of 1.4 g of lithium alu-
furan (XV). To a suspension of 1.3 g of lithium minum hydride in 40 ml of anhydrous ether at a rate
aluminum hydride in 30 ml of anhydrous ether, agyficient to keep the reaction mixture boiling. The
solution of 7.4 g of dioxolanylfuraiXIl in 10 ml of  reaction mixture was stirred for 3 h at room tempera-
anhydrous ether was added dropwise with stirring at gyre and left overnight, after which it was treated with
rate sufficient to keep the reaction mixture slightly1o m| of ethyl acetate and a saturated solution of
boiling. After XII had been added completely, theammonium chloride until a compact gel of inorganic
reaction mixture was stirred for 1 h, left overnight, compounds and a clear ethereal solution had formed.
and then treated with 10 ml of ethyl acetate and &he solution was decanted, the ether was removed,
saturated solution of ammonium chloride until angng the residue was distilled in a vacuum to give
aqueous aluminum hydroxide gel had formed. The g7 g (529%) of alcohoKIX , bp 122123C (1 mm).
organic layer was decanted, the solvent was removeg;stiliation of the product was accompanied by certain
and the residue was distilled in a vacuum. Ylelddecomposition_lH NMR Spectrumlé, ppm: 2.15 s
3.31 g (51%), bp 13T (2 mm).*H NMR spectrum, (furan CH), 4.00 s (dioxolane CKD), 4.20 s

8, ppm: 2.13 s (furan Ck), 3.46 s (OH), 3.91 br.s (CH,0OH), 5.55 s (OCHO).
(dioxolane CH), 4.26 s (furan CHO), 555 s _
(OCHO), 6.23" s (furan #. b. To a solution of 3.87 g of alcohaKIX and

1.7 ml of pyridine in 25 ml of ether, a solution of
3-(Chloromethyl)-5-(dioxolan-2-yl)-2-methyl- 1.5 ml of thionyl chloride in 5 ml of ether was added
furan (XVI). To a solution of 3.31 g of alcohokV  dropwise with stirring at 18C. The reaction mixture
and 1.5 ml of pyridine in 25 ml of anhydrous ether, awas stirred at room temperature for 4 h, the pyridine
solution of 1.3 ml of thionyl chloride was added hydrochloride was filtered off, the ether was removed
dropwise with stirring at 85°C. The reaction mixture at reduced pressure, and the residue distilled in a
was stirred at room temperature for 4 h, diluted withvacuum to give 2.0 g of a product with bp T@
30 ml of benzene, the pyridine hydrochloride was(1 mm) and a melting point of about 40. The pro-
filtered off, and the filtrate was distilled in a vacuum. duct quickly darke-ned even in a vacuum. Under con-
Yield 2.3 g (63%), viscous oil darkening on distilla- ditions of the Michaelis-Becker reaction it gives only
tion, bp 112C (1 mm). polymeric products. Solutions of this compound
quickly pass into suspensions of tar-like particles; for
3-(Diethoxyphosphorylmethyl)-5-(dioxolan-2-yl)-  this reason, we failed to obtain high-qualith NMR
2-methylfuran (XVII). A solution of 2.3 g of freshly spectra.
distilled chlorideXVI in 5 ml of benzene was added
with stirring at 70C to a solution of sodium diethyl REFERENCES
phosphite, prepared from 0.3 g of sodium and 2 ml of
diethyl hydrogen phosphite in 15 ml of benzenel. Pevzner, L.M., Ignatev, V.M., and lonin, B.IZh.
Slight heat evolution, strong foaming, and precipita- Obshch. Khim.1984, vol. 54, no. 9, pp. 1990993.
tion of sodium chloride were observed. The reactior2. Pevzner, L.M., Ignatev, V.M., and lonin, B.1Zh.
mixture was refluxed for 8 h, the precipitate was re- Obshch. Khim.1993, vol. 63, no. 1, pp. 12632.
moved on a centrifuge, the solvent was distilled off3. peyzner, L.M., Ignatev, V.M., and lonin, B.IZh.
at reduced pressure, and the residue was distilled in @ opshch. Khim.,1990, vol. 60, no. 3, pp. 1061065.
vacuum. Yield 0.8 g (23%), bp 16168°C (1 mm).
'H NMR spectrum,s, ppm: 1.10 m (ethyl Ch),
2.08 d (furan CH, minor conformerJ,» 2 Hz) and
2.22 d (furan CH, major conformerJ,p 2 Hz) (in-
tensity ratio 1:4); 2.66 d (CHP, minor conformer,
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