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Abstract—3-Ethoxycarbonyl- and 3-acetyl-2-methylt&rt-butylfurans undergo chloromethylation under

the unusually rigorous conditions (660°C, 3-3.5 h). The corresponding diethylamide and nitrile were pre-
pared by standard modification of the carboxy group. In phosphorylation of the resulting chloromethylfurans
under the conditions of the MichaellBecker reaction, in the case of the ester and diethylamide, the phos-
phonate yields were close to those obtained with compounds containitegtsimtoxy group, and in the case

of acetylfuran the yield was even somewhat higher. On the contrary, the chloromethylated nitrile reacts
considerably more slowly than all the other compounds under consideration and than the similar compound
containing notert-butyl substituent. Thus, the effect of thert-butyl group in thex-position of the furan ring

is clearly pronounced in the electrophilic substitutions in the neighboring position of the heteroring. When
the reaction center is located in the side chain (substitution of chlorine), the effect of the bulky substituent
is manifested only in special cases and can be attributed to the presence of a conformation in which the chlo-
romethyl group is shielded.

Recently we have studied the phosphorylation andccurs below 38C. At higher temperatures, polymeric
some other reactions of 2- and 3-halomethyeB- products are formed, and the rate of their accumula-
butylfurans [1]. We showed that the specific featuregion quickly rises with temperature. In our case, no
of their chemical behavior are largely determined byevidence of the reaction was observed atCG30As
the shielding of the oxygen atom of the heteroringthe reaction temperature was increased teG&BC,
while the effect of this substituent on the remote reparaform gradually dissolved, and a characteristic dark
action center is insignificant. In this work we at- brown tarry complex was formed. After passing of
tempted to reveal the effects arising when the reactioRICI through the reaction mixture containing for
proceeds in the nearest surrounding of the-butyl 3-3.5 h, no starting ester was recovered, and chloro-
group. methyl derivativelll was isolated by vacuum distilla-

tion in 61% yield.

X chosne CICH: X _
/@ il Ig\ Chloromethylation of ketonél occurs under the
(CHg)sC CHs 2k (CHg)sC CHz  same conditions but it is accompanied by considerable

0] 0]

Ll v tarring. Therefore, the reaction was stopped at a

’ ’ conversion no higher than 64%. The yield of the tar-
X = COOGCHs (I, IlI'), COCH; (II, IV). get product under these conditions was 32% based on

the converted product. It was determinedyNMR

compounde. These substanees wers chioromethyarAECTOSCOPY. because the starting ketsnand chio-
pounds. u Yl methyl derivativdV are poorly separated by vacuum

in chloroform or carbon tetrachloride in the presenceyigiation, Thus,tert-butyl derivatives! and Il ex-

of zinc chloride as a catalyst and paraform as a sourgg,.. - : -
of formaldehyde. The mixture was saturated with Hcﬁglt a%ggﬁuilgyagmcrzz‘gm;y and high stability to

by continuous bubbling. The substraparaform-cat-
alyst molar ratio was similar to that in the typical Esterlll was converted to chloromethyl amidé
procedure [2]. Under these conditions, the reactivifpy a standard sequence of reactions similarly to
of substrates can be evaluated by the reaction tenthe pathway described in [1]. Treatment Ibf with
perature. Chloromethylation of furan compounds consodium acetate in acetic acid gave acetalg,
taining an ester or keto group in the ring usuallywhich was hydrolyzed with potassium hydroxide to
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hydroxy acid VIl . Refluxing of VII with thionyl CICH, Y
chloride in benzene and subsequent distillation yielded Ig\
chloromethylfurancarboxylic acid chlorid¥ll . (CHg)sC™ N\ /" ~CHs
CompoundVIll selectively reacts with dimethyl- -V, IX
amine at 2625°C in benzene at slow addition of
the amine solution. Chloromethylated diethylamMe NaPO(OGHy), (M5C20)OPCH, Y
was isolated by vacuum distillation in 64% yield. _— Z_S\
CH;COOCH COOGH (CHIsC A CH s
y CHeCooNa TE 2—& @R XI-X1Il, XV
(CH3)sC™ N/ ~CHs Y = COOC,Hg (Ill, XI), COCH; (IV, XII ), CON(GHs),

Vi (V, XlI'), CN (X, XV).
cocl Reaction of estedll with sodium diethyl phos-

kon HOCH: 7\ COOHSOCb CICH, 7\ phite was performed at 8C for 13 h. Phosphonate
)(CH3)3C CHs ;(CH3)3C cH; Xl was isolated in 57% yield. Phosphorylation of

0 0 acetylfuran IV was peformed for 8 h. Keto phos-
Vi Vil phonateXIl was isolated in 66% yield. Phosphoryla-
tion of diethylamideV was performed for 17 h, and
NH(CzHs) CICHZZ—S\CON(CZHE’)Z the target producKlll was isolated in 57% yield.
(CHg)sC™ N\ /" ~CHs The PCH proton signals in théH NMR spectrum
Vv of XIIl are strongly broadened. At the same time, in

its 2,5-dimethyl analog<lV no broadening was ob-
Acid chloride VIII was also used as a startingserved [3]. The line broadening in the caseteft-
compound for preparing chloromethylated nitrl¢.  butyl derivatives may be due to the existence of con-
Treatment of a dioxane solution ®fill with a 3-3.5-  formers involved in fast exchange. Phosphonkéite
fold molar excess of agueous ammonia atI®C s not overcrowded sterically, the hindrance to the free
results in selective ammonolysis, and simple dilutiorrotation of substituents is insignificant, and no fixed
of the reaction mixture with water gives chloromethylconformers are detected. NitrileX appeared to be
amide X in 96% yield. Note that théH NMR spec-  considerably less active in the MichaeBecker re-
trum of this compound in CDGlcontains two signals action than compounddl andIV. Its 10-h refluxing
of the chloromethyl group with the chemical shiftsin benzene with sodium diethyl phosphite resulted in
6 4.78 and 4.59 ppm in 4.6 : 1 molar ratio. This meangnly 48% conversion. Phosphorylated nitrk&/ was
that chloromethyl amid&X evidently exists as a mix- isolated in 39% yield based on the converted

ture of two conformers. 2,5-Dimethyl analogXVI of IX under the analgous

NH,oH  CICHy CONH, conditions was completely converted in 6 h, but the
Vil —— Z_S\ yield of the phosphorylated product was also 39% [4].
(CHg)3C 0 CHs
X (HsG0)0PCF, X
g
PCk ClCHz CN CHs O CH3
ST € _
(CH3)sC CHs X = CON(G,Hg), (XIV), CN (XVI), COOGHs (XVII ),
o COCH, (XVIII).

IX
. . : . Comparison of the vyields oftert-butyl phos-

Refluxing of X with 1 equiv of PCY in benzene ot O™ oo R 2,5-dimethyl analogs
causes dehydration of the amide and formation Of\,; x|\ and XVIlI showed that. with phos-
chloromethylated nitrilelX. Vacuum distillation of npoviated esters, the presence of bulky substituents
the reaction mixture gives the target compound "ﬁoes not appreciably affect the yield of the phos-
76% yield. No1 conformational equilibrium was ob- phonate (57% foiXl and 58% forXVIl ) [5]. With
served in the'H NMR spectrum ofIX. diethylamides, the yield somewhat decreased (57 and

Phosphorylation oflll -V and IX was performed 63% for XIll andXIV , respectively) [3]. On the con-
following the usual procedure of the MichaelBeck- trary, with acetylfurans the yield of the phosphonate
er reaction, described elsewhere [3]. The target prodsignificantly increases (66% foKll and 43% for
uct was isolated by vacuum distillation. XVIIL) [4].
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Thus, introduction of the bulky substituent in a high rate for 3 h at 550°C through a stirred mix-
the position neighboring to the chloromethyl group inture of 39.5 g of ethyl 2-methyl-fert-butyl-3-car-
the furan ring only slightly affects the yield of phos- boxylatel, 8.5 g of paraform, 6.1 g of freshly pulver-
phonates in the case of esters, diethylamides, and rized zinc chloride, and 150 ml of chloroform. After
triles. At the same time, for nitriléX, as compared cooling, the reaction mixture was treated with 120 ml
to the other substrates, the reaction with diethyl hyef water, the organic layer was separated, the aqueous
drogen phosphite is considerably slower. This may byer was extracted with chloroform, and the com-
due to the fact that the conformation in which the chlo-bined organic phases were washed with two portions
rine atom is located near the heteroring plane become$ water and dried over calcium chloride. The solvent
the most thermodynamically favorable. In this casewas removed at reduced pressure, and the residue was
the approach of phosphite anion from the oppositélistiled in a vacuum. Chloromethyl derivatividl ,
side, characteristic 2 reactions, is hindered by the 29.9 g (61%), was obtained, bp 1IA1820C/1 mm Hg.
tert-butyl group. When bulkier electron-withdrawing *H NMR spectrum,s, ppm: 1.36 m [(CH),C +
substituents are present in tiieposition of hetero- CHs-ethyl], 2.47 s (CH-furan), 4.24 q (CHO-ethyl),
ring, the bulkiest chlorine atom becomes the most de4.80 s (CHCI).
flected from the ring plane. In this case, the direction 2-Methyl-3-acetyl-4-chloromethyl-54ert-butyl-
of approach of nucleophile becomes apprOX|mateI¥ . .
perpendicular to the ring plane. Hence, it is considerfuia{] LV' tHggjcr:o?hen chtl10r|de' was pallssetq atda h'.gth rate
ably less shielded by theert-butyl group. As a result, (:c 8.2 a f ket nelr(l)ugz a \;lgoro?sy Sl'”5e mflx ure
the conditions of phosphorylation of these gmunds, ol ©.c g Of Ketonell, < g of paratorm, 1.5 g of zinc

L L hloride, and 70 ml of chloroform. The reaction mix-
gfs fﬁemgaéiﬂ r;(:ettr?ﬁ rgg”i:’ti\?éi more similar to thos ure turned dark brown, and a large amount of tarry

particles formed. The resulting mixture was treated
The increased yield of acetylphosphonate in thevith 100 ml of water, the liquid phase was decanted,
presence ofert-butyl group can also be explained in and the tarry fraction was stirred with 100 ml of chlo-
terms of this model. It is known that, in this case,roform for 30 min at room temperature. The organic
the main reaction competing with the Michaelis solutions were combined and filtered. The chloroform
Becker reaction is the addition of the phosphorus-conayer of the filtrate was separated using a separatory
taining nucleophile to the carbonyl group. The largerfunnel, and the aqueous layer was extracted with 20 ml
the positive charge on the carbonyl carbon atomof chloroform. The combined extracts were washed
the easier the addition. Steric overcrowding of thewith water and dried over calcium chloride. Then
molecule causes the rotation of the carbonyl grouphe solvent was removed, and the residue was vac-
about the &C bond and hence a decrease in its conuum-distilled. The starting ketorié (2.0 g) and 2.6 g
jugation with the heteroaromatic ring. Correspondingof a mixture of the starting ketone and chloromethyl
ly, the effective positive charge on the carbonyl carderivative IV (bp 118C/1 mm Hg) were obtained.
bon atom should decrease. At the same time, thR€IC  According to the'H NMR spectrum, the mixture con-
bond should deviate from the heteroring plane tdained 65% of the target product. The conversion of
the greatest extent to decrease the steric strain. Thise starting ketone was 64%, yield of chloromethyl
situation facilitates the nucleophilic attack of the car-derivative 32% based on consuméd *H NMR
bon atom of the chloromethyl group in the course ospectrumg, ppm: 1.35 s [(CH);C], 2.38 s (CHCO),
the §2 reaction. The whole set of these factors shoul@.50 q (CH-furan), 4.47 s (CHCI).
facilitate the MichaelisBecker reaction, which is ac-
tually observed as the increased yield of the phosf-u ;
phonate in the case of thtert-butyl derivative.

Ethyl 2-methyl-4-acetoxymethyl-5tert-butyl-
an-3-carboxylate VI. A mixture of 13.6 g of chlo-
ride Ill , 8 g of sodium acetate, and 50 ml of glacial
acetic acid was refluxed with stirring for 13 h. The
sodium chloride precipitate was filtered off, and

The 'H NMR spectra were measured on Teslathe solvent was removed at reduced pressure until

BS-487C (80 MHz) and Tesla BS-497C (100 MHZ)sodium acetate started to crystalli_ze. The mixture
spectrometers in C¢land CDC]} relative to internal was treated with water, the resu_ltlng emulsion of
HMDS. The phosphorus chemical shifts were Cal_the target product was extracted with chloroform, and
culateoi from the INDOR spectra the extract was dried over calcium chloride. The sol-

' vent was removed at reduced pressure, and the res-
Ethyl 2-methyl-4-chloromethyl-5-tert-butylfuran-  idue was vacuum-distilled to give 12.5 g ¥, bp

3-carboxylate 1il. Hydrogen chloride was passed at129C, 1 mm Hg.*H NMR spectrumg, ppm: 1.29 m

EXPERIMENTAL

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 72 No.7 2002



1088 PEVZNER

[(CH3)5C + CH;-ethyl], 1.89 s (CHCO), 2.44 s (CH NMR spectrum,$, ppm: 1.31 s [(CH);C], 2.31 s
furan), 4.14 q (CHO-ethyl), 5.05 s (OCHfuran). (CHg-furan), 4.39 s (CHCI).

2-Methyl-4-hydroxymethyl-5-tert-butylfuran-3- Ethyl 2-methyl-4-(diethoxyphosphorylmethyl)-5-
carboxylic acid VII. Ester VI (5.6 g), 10 ml of tert-butylfuran-3-carboxylate XI. A solution of
ethanol, and a solution of 5 g of KOH in 15 ml of 4.0 g oflll in 5 ml of benzene was added at°Tsto
water were mixed and refluxed with vigorous stirringa solution of sodium diethyl phosphite obtained from
for 4 h. The resulting homogeneous clear solution wa8.4 g of sodium and 2.5 ml of diethyl hydrogen phos-
acidified to pH 2. The precipitate was filtered off, phite in 20 ml of benzene. The reaction mixture was
washed with water, and dried. Yield of hydroxymeth-refluxed with stirring for 13 h, the sodium chloride
ylated acidVIl 3.4 g, mp 9394°C. precipitate was separated by centrifugation, the sol-
vent was distilled off at reduced pressure, and the res-
2-Methyl-4-chloromethyl-5-tert-butylfuran-3-  jjye was vacuum-distilled. Phosphonat, 3.2 g
carboxyllc acid chlorlde VIII. A mixture of 2.5 g of (57%), was obtained, bp 15960°C/1 mm Hg. *H
acid VIl, 3.4 g of thionyl chloride, 0.2 ml of dimeth- \MR spectrum, ppm: 1.22 t (CH-ethyl, J.,,, 7 H2),

ylformamide, and 20 ml of benzene was refluxed for1_32 s [(CH)4C], 2.42 s (CH-furan), 3.30 d (CHP
7 h. The solvent and excess thionyl chloride were rey "> z) 5397490 m (CI—&OP’+ CI—QOOC).’
moved at reduced pressure, and the residue was vac’ ’

uum-distilled to give 2.2 g of chlorid¥IIl , bp 117 2-Methyl-3-acetyl-4-(diethoxyphosphorylmeth-
118°C/1 mm Hg. yl)-5-tert-butylfuran XlIl. A mixture of 2.6 g ofll
. and its chloromethyl derivativd/ was added with

N,N-Diethyl-2-methyl-4-chloromethyl-5tertbu-  giring at 80C to a solution of sodium diethy! phos-
tylfuran-3-carboxamide V. A solution of 1.9 g of phite prepared from 0.26 g of sodium and 2 ml of
dlithyla_mlng in 5 ml of benzene was added at-20 igthy| hydrogen phosphite in 20 ml of benzene.
25°C with vigorous stirring to a solution of 2.2 g Of Thg resyiting mixture was stirred for 8 h, the sodium
chloride VIl in 10 ml of benzene. The reaction MiX- c|oride was separated by centrifugation, the solvent
ture was left overnight, diethylamine hydrochloride,, s gistilled off at reduced pressure, and the residue
was filtered off, the solvent was removed at reduceq,as vacuum-distilled. Phosphonatd , 1.6 g (66%)
pressure, and the residue was vacuum-distilled to giME45 gptained bp 16471°C/1 mm Hg. 15 NMR’
16 g (64%} of chloromethyl amid¥, bp 146-148C/ spectrum,5, ppm: 1.23 m [(CH),C + CHy-ethyl],
1 mmHg."H NMR spectrum3, ppm: 0.73 t (CH- 5 5 5 (CHCO), 2.44 s (Ch-uran), 3.28 d (CHP,

ethyl, ‘]HH 7 HZ), 1.31 s [(C%)?,C], 2.11 s (Cl‘:l" J 20 Hz). 3.86 m (C P J 7 Hz. J 11 Hz
furan), 3.34 q (CHN, J,;, 7 Hz), 4.64 s (CHCI). HP )3 (CHOP, Ju ' oHP )

2-Methyl-4-(diethoxyphosphorylmethyl)-5tert-

2-Methyl-4-chloromethyl-5-tert-butylfuran-3-car- v ifyran-3-diethylcarboxamide Xlll. To a solu-
boxamide X. To a solution of 6 g oVIll in 30 ml o of sodium diethyl phosphite prepared from 0.13 g
of dioxane, 10 ml of 25% aqueous ammonia wagy sodium and 1.2 ml of diethyl hydrogen phosphite
added dropwise with stirring at 24°C. The result- y 8 m| of benzene, a solution of 1.6 g of chlorometh-
ing mixture was kept at this temperature for 30 minylamidev in 4 ml of benzene was added at°80
and diluted with ice-cold water. An abundant pre-The resulting mixture was refluxed with stirring for
cipitate formed, which was filtered off, washed with 17 h, the sodium chloride precipitate was separated
a small amount of water, and dried. Carboxanitle by centrifugation, the solvent was distilled off at re-
5.3 g (96%), was obtained, mp 1880°C. '"H NMR  duced pressure, and the residue was vacuum-distilled.
spectrum,s, ppm: 1.30 s [(CH);C], 2.41 s (CH-  PhosphonateXlll , 1.2 g (57%), was obtained, bp
furan), 4.59 s, 4.78 s (both CIGHuran, intensity 181°C/1 mm Hg.*H NMR spectrumg, ppm: 1.19 m
ratio 1:4.6), 6.05 br.s (N} (CHg-ethyl), 1.31 s [(CH),C], 2.13 s (CH-furan),

2-Methyl-4-chloromethyl-5-tert-butylfuran-3-car- ;.O:Z)br.g 8(§ ?E’(Elf'éozg S'Z)’ 73'3Hi n\1] (Nfoa’H‘]ZH)H
bonitrile IX. To a suspension of 4.4 g &f in 20 ml T T THH » THP '
of benzene, 4 g of phosphorus pentachloride was 2-Methyl-4-(diethoxyphosphorylmethyl)-5tert-
added in three or four portions. The amide quicklybutylfuran-3-carbonitrile XV. A solution of 3.1 g
dissolved with heat evolution. The resulting solutionof nitrile in 4 ml of benzene was added at°80to
was refluxed for 4 h and vacuum-distilled. Nitril¥, a solution of sodium diethyl phosphite prepared from
3.1 g (76%), was obtained, bp @1 mm Hg.'H 0.34 g of sodium and 2.2 ml of diethyl hydrogen
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