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Abstract—A convenient new method for the arylation of furan with derivatives of diazoaminobenzene
and isoamyl nitrite is described. Using this method the substituted 2-(X-phenyl)furan derivatives,
where X is H, 4-CH,, 4-Cl, 4-Br, 3-Cl, 3,4-diCl, 4-NO,, 4-COOCH,, 4-COOH, 4-CI-3-CF, and
2-(3-pyridyl)furan were prepared. The reaction of methyl 4-aminobenzoate with furan and isopentyl
nitrite gave (besides 2-(4-carbmethoxyphenyl)furan) 44'-dicarbmethoxydiazoaminobenzene, the
structure of which was proved by mass spectrometry and by synthesis. This diazoaminobenzene
derivative was unstable in the reaction medium and with isopentyl nitrite and furan at 30° gave
2-(4-carbmethoxyphenyl)furan. The mechanism of the reaction is discussed.

INTRODUCTION

It has been shown that in the reaction of a primary
aromatic amine with isopentyl nitrite in benzene,
nitrogen was released and the arylation of benzene
occurred.'

ArNH. + C;H,,ONO + ArH - Ar-Ar ¢))

Cadogan proposed that the reaction does not
involve formation of diazoaminobenzenes at low
temperature (b.p. of benzene) which is unsatisfac-
tory for homolysis of the corresponding
diazoaminobenzenes (130~160°).2 Further, no pro-
ducts arising from reaction of radical ArNH., which
should form during  decomposition  of
diazoaminobenzene, were detected.

At present the theory is accepted that the
reaction (1) is carried out via diazohydrates,’ which
by decomposition through the diazoanhydrides*®
give a phenyl radical and the radical ArN;O, proved
by EPR spectroscopy.’ Previous studies™® on the
arylation of furan did not reveal any nitrogen
derivatives in the mixture.

RESULT AND DISCUSSION

In the reaction between methyl 4-aminobenzoate
with isopentyl nitrite and furan, besides of the
product of arylation of furan, 2-(4-
carbmethoxyphenyl)furan, we isolated another
crystalline compound. The elementary analysis of

this compound showed that it contains 13-70%
nitrogen. The result of these experiments are in
contrast with the previous ones"™® in which no
nitrogen derivatives were isolated. IR spectra
(KBr) revealed wny=3435cm™ and veeo=
1721 cm™. Further, the presence of aromatic
skeleton v = 1614 cm™' was also found. No absorp-
tion band corresponding to vibrations of the furan
nucleus was detected.” The mass spectrum of the
unknown compound is illustrated graphically in
terms of relative intensities (Fig 1). In the spectrum
only jons with a relative intensity =2% are
recorded. The basic fragmentation of the molecular
ion is the splitting of the bonds C—N and N—N
(Scheme 1) and provides the most intensive ions at
m/e 135 and 163, respectively.

An unusual fragmentation m/e 135 to m/e 103
was observed with elimination of the neutral
fragment CH;OH. This was supported by the
presence of the metastable peak in a spectrum
(m* = 78-58) and it was the subject of further
investigation using ‘‘metastable defocusing”, a
technique described by Jennings." The occurrence
of a metastable ion was proved and its relative
intensity was 3% in relation to the peak m/e 103.

In order to confirm our conclusion that the
isolated compound is 4,4'-dicarbmethoxy-
diazoaminobenzene (1) this compound was pre-
pared by the diazotisation of methyl 4-
aminobenzoate. The product of this reaction was

4123



4124

L. FISERA et al.

320

100
135
£ 904
g
o 60
2 0
é 163
P
]
2 ] *[:3
7 He 313,M
fo) A l' A1 J - 1 zszllaw j
60 8 K0 120 140 160 |§02x/)220210§oz€o3bo
m/e
Fig1. The mass spectrum of unknown compound.
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identical with  the  isolated
(Experimental).

It was of interest to know, whether the com-
pound (1) was a by product or an intermediate in
the reaction of the methyl 4-aminobenzoate with
isopentyl nitrite in furan. The reaction of aromatic
amines with alkyl nitrite which leads to the
formation of the corresponding diazoaminoben-
zene derivatives has been recorded in the litera-
ture."

The reaction of compound 1 with isopentyl nitrite
in furan at 30° (24h) led to the formation of
2-(4carbmethoxyphenyl)furan. The structure of
this compound was confirmed by its NMR spec-
trum and by comparison with a standard (b.p., in
mixture b.p. and GLC chromatography).

In order to generalize the reaction, we have
studied the reaction of the unsubstituted
diazoaminobenzene in furan with isopentyl nitrite
at 30°. The analysis of the reaction mixture (by
means GLC chromatography on column OV-17 at
160°) showed the presence of 2-phenylfuran (tg
8:50 min) as the main product and the by-products
were: isopentyl alcohol (tz = 1-08 min), aniline 1-2%

compound

©

(tz = 3-60 min), benzene 0-17% (tz = 4-60 min), 2.2-
difuryl 0-19% (tg=6:22min) and 0-06% of an
unknown product (tr =2-84 min). The remaining
compounds were very difficult to identify (tars). An
identical reaction mixture was formed by the
reaction of aniline and isopentyl nitrite in furan.

The present and other observations could be

accounted for in mechanism as shown.
The first step is the nitrosation of diazoaminoben-
zene. The N-nitroso compound is homolytically
split to the corresponding radicals (4) or rearranges
to the diazoanhydride (3) which is decomposed in a
well-known way. The aryldiazoxy radical takes a
hydrogen from the 2,3-dihydrofuran radicals and
2-phenyifuran is formed (6).

From the reaction mechanism clearly follows,
why radicals of types ArNH can not be formed in
the reaction of aromatic amines with nitrites in an
aromatic solvent. This was the main reason for
selecting diazoaminobenzenes as reaction inter-
mediates. Further, this mechanism supports the
existence of aryldiazoxy! radicals ArN;O., which
were identified in the reaction (1) by means of EPR
spectrometry, and also the need for an excess of
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isopentyl nitrite in the reaction. The formation of
benzene can be understood by analogy with the
formation of CH;COOH in the decomposition of
N-nitrosoacetanilide.''*

EXPERIMENTAL

Gas chromatography was carried out using a Hewlett-
Packard 7620 A research gas chromatograph with a dual
hydrogen flame-ionisation detector A 18x0-2cm steel
column packed with Diatiport (80-100 mesh) and coated
with 10% silicone gum UCW 98 and OV-17 were used.
The flow rate of the carrier gas (nitrogen) was
33-5S ml/min. The injector port and detector temp were
220°. The column temp was 160°.

Furan was the commercial product of the highest purity
grade available, and was carefully distilled before the
reaction. M.ps are uncorrected. IR spectra were measured
using a Zeiss (Jena) IR spectrophotometer. 'H-NMR
spectrum were determined in CDCI, using TMS as
internal standard.

The mass spectrum of compound was measured on MS
902 S apparatus using direct inlet system. Energy of
jonization was 70 eV, trap current 100/ A, temp of the ion
source 110°C. The exact measurement of masses was
done by usual technique of the “‘peak matching’’ using of
heptacosafluorotributylamine as standard at resolving
powe 20-000 (10% valley definition).

Reaction of methyl-4-aminobenzoate with isopentyl
nitrite and furan. Methyl 4-aminobenzoate (4-14g,
27-5 mMol), isopentyl nitrite (6-5 ml, 58 mMol) and furan
(100 ml) were kept at 30° for 48 h. The resulting soln was
washed with water and evaporated. The residue was
distilled in steam. The distillate contained a solid which
was filtered off; this was crude methyl-2-furyibenzoate
(1-8g, 32:3%, m.p. 121-122°) after crystallization from
EtOH.

The residue of the distillation was chromatographed on
silica gel with benzene as eluant afforded a yellow
crystalline compound, m.p. 216-219° (Found: N, 13-70%).
IR spectrum (KBr) 863, 1117, 1173, 1200, 1256, 1290, 1318,
1408, 1441, 1535, 1614, 1705, 1721, 2951, 2995, 3226 and
3435cm™'; UV spectrum (EtOH) A... 373nm (log
€ =4-36); Amux 294 nm (log € = 4-26 and An. 259 nm (log
€ =4-11). M~ 313 (C,(HsN;0.) base peak 135.

The unknown compound (13-7% N found) (1g),
isopenty! nitrite (2 ml) and furan (50 ml) were kept at 30°
for 24 h, The resulting soln was washed with water, dried
(Na,S0,) and evaporated. Chromatography on alumina of
the residue with benzene as eluant afforded white
crystalline compound (0-5 g) m.p. 121°, which was shown
by GLC on a 10% UCW 98 160° to be methyl-2-
furylbenzoate. r (CDCi,) 2-14 (center of AABB’ 4H);"”
2-52 (dd, 5H); 3-22 (dd, 3H); 3-51 (dd, 4H); 6-09 (s,
COOCH,); ,,=3Hz, I,,<1Hz, Ls=1-8Hz.

4.4'-Dicarbmethoxydiazoaminobenzene was prepared
from diazotised methyl 4-aminobenzoate and NaOAc,
m.p. and mixed m.p. 218-219° (EtOH). (Found: C, 61-25,
H, 500 and N, 13-62. C,;H,sN;O. (313-61) requires: C,
61-34, H, 4-83, N, 13-41%); IR spectrum (KBr) 865, 1117,
1173, 1200, 1257, 1291, 1318, 1410, 1440, 1535, 1612, 1705,
1719, 2950, 2995, 3225 and 3435cm™'; UV (EtOH)
Amex =373 nm (log € =4:30), Amux =293 (log € =4-25),
Amex = 259 nm (log € =4-12). M* 313 (C,HsN,O.) base
peak 135.

Reaction of diazoaminobenzene

and substituted
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diazoaminobenzenes with isopentyl nitrite and furan.
Diazoaminobenzene (1:97 g, 10 mMol), isopentyl nitrite
(2 ml, 11 mMol) and furan (50 ml) were kept at 30° for 24 h.
The soln was washed with water, dried (Na,SO.) and
evaporated. The residue was analysed by GLC with
column reported above, gave 2-phenylfuran (te 8-50 min
10% OV-17 160°) and isopentyl alcohol (tg 1-:06 min), 1-2%
aniline (tx 3-60 min), 0-17% benzene (tx 4-60 min), 0-19%
2.2-bifuryl (tx 6:22 min) and 0-06% unknown product (ta
2-84 min). The soln was distilled (89-92°/7 mmHg) to give
1-1g (34:5%) 2-phenylfuran. 2-Phenylfuran as standard
was prepared from aniline, isopentyl nitrite and furan.*

The following reactions of substituted diazoaminoben-
zenes and isopentyl nitrite with furan were similarly
carried out: 4,4'-Dichlorodiazoaminobenzene gave 2-(4-
chlorophenyl)furan, tg 7-17 min on UCW 98-160° and all
following derivatives, m.p. and mixed m.p. 65-66°, lit"
66°;, 52-:3%; 3,3'-dichlorodiazoaminobenzene gave 2-(3-
chlorophenyl)furan, t, 6:78 min, (b.p- 75°C/2 mm Hg lit*
b.p. unknown 43-2%); 3,3'4.4’'-tetrachlorodiazoamino-
benzene gave 2-(3,4-dichlorophenyl)furan,
te 1417 min), m.p. 51-2°,31:2%. (Found: Cl, 33-01, C, 56-52
and H, 2-85. C,oH,,C1,O (213-06) requires: Cl, 33-29, C,
56-36, H, 2:83%); IR spectrum (CCL) vm.. 888 (furyl ring),
1615 (pheny! ring); UV spectrum A ... (EtOH) 289 nm (log
€ = 4:47); Apax = 235 nm (log € = 4:05); Amux = 228 nm (log
€ =4-14),

4,4'-Dinitrodiazoaminobenzene gave 2-(4-
nitrophenybfuran, tx 6-75min (m.p. and mixed m.p.
134-135°, 1it™*" 133-135°, 30-8%); 4.4'-dibromodiazo-
aminobenzene gave 2-(4-bromophenyl)furan, tx 11-05 min
(m.p. 83-84°, 35-2%) (Found: Br, 36-01, C, 54-02 and H,
3-15. C,oH,BrO (223-05) requires: Br, 35-83, C, 53-86, H,
3:16%); IR spectrum (CCL) vn.. 889 (furyl ring), 1617
(phenyl ring), Amw (EtOH) =287 nm (log € = 4:39); A =
229 nm (log € =3'87); Amax =222 nm (log € =3-92). 4,4'-
Dimethyldiazoaminobenzene gave 2-(4-tolyhfuran (b.p.
67°/2mmHg, W®  56°/0-SmmHg, 41.2%); 44'-
dicarboxydiazoaminobenzene gave 2-furyl-4-benzoic acid
(m.p. and m.p. mixed 226°, lit” 226°, 42-3%); 4,4'-
dicarbmethoxydiazoaminobenzene gave methyl-2-furyl4-
benzoate, tx 19:70 min (m.p. and m.p. mixed 121-2°, lit”
121°, 70%); 3,3-ditrifluoromethyl-4,4'-dichlorodiazo-
amino-benzene gave 2-(3-triftuoromethyl-4-chlorophenyl)-
furan, tg 7-04 min (b.p. 86-90°/4 mmHg, 42-8%. (Found: C|,
13-96, C, 5355, H, 2-32. C,;HCIF,0 (246-62) requires: Cl,
14-37, C, 53-50, H, 2-04%); IR spectrum (CCL) vm. 890
(furyl ring), 1617 (pheny! ring); Ame (EtOH) = 290 nm (log
€ =4-13), Anex = 227 nm (log € = 3-69). Bis 1,3 pyridyl(3)-
triazene gave 2-(3-pyridyDfuran (b.p. 78-80°/4 mmHg,”
te = 7-69 min, 28:2%).

Table 1. Composition of some ions in the mass spectrum

Mass

mje Measures Calculated Composition

7 77-0379 77-0391 C.H,
103 103-0182 103-0184 C;H,0
119 119-0365 119-0371 C,H;NO
163 163-0495 163-0507 C.H;N,0;
254 254-0829 254-0817 CisH.NO,
282 282-0863 282-0879 CisHi:N;O,
313 313-1072 313-1062 Ci6H1sN,0,
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