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Reactions of (pyrrol-1-yl)furazans with electrophilic reagents*
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47 Leninsky prosp., 119991 Moscow, Russian Federation.
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The behavior of (pyrrol-1-yl)furazans in electrophilic substitution reactions (halogenation,
nitration, and acylation) was studied. The presence of the furazan ring substantially did not
affect the regioselectivity of the reactions but it prevented replacement of all the hydrogen

atoms in the pyrrole ring by electrophiles.
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Being a strong electron acceptor, the furazan ring does
not tend to conjugate with substituents.l»> As a result,
nitration of 3-phenyl-4-R-furazans gives a mixture of three
possible mononitrophenyl regioisomers, the para-isomer
being dominant.3— In bromination of the same substrates,
the Br atom also goes to the para-position of the phenyl
substituent.” Thus, the weak mesomeric effect of the
furazan ring surpasses its electron-withdrawing effect dur-
ing an electrophilic attack on the attached benzene ring.
We found it interesting to examine the effect of the furazan
ring on the reactivity of the attached heteroaromatic rings
toward electrophilic reagents.

Earlier,%? we have shown that treatment of 3-amino-
4-R-furazans with 2,5-dimethoxytetrahydrofuran in boil-
ing acetic acid is a general route to (pyrrol-1-yl)furazans.
Obviously, the presence of the furazanyl substituent at
the N atom of the pyrrole ring should affect the reactiv-
ity of the pyrrole part of the molecule. The present
study is concerned with the specific behavior of (pyrrol-
1-yl)furazans in reactions with various electrophilic re-
agents.

Pyrrole and its N-substituted derivatives are known to
be easily and exhaustively brominated. Partially bromi-
nated products can be obtained only at low temperatures
and under deficiency of a brominating agent.10—15 The
same is usually true for the synthesis of polychloro-
pyrroles.11

We studied a reaction of 3-methyl-4-(pyrrol-1-
ylhfurazan (1) with N-bromosuccinimide (NBS) in glyme
(Scheme 1). Unexpectedly, the reaction stopped after only
three Br atoms had been introduced into the pyrrole ring.
Starting at —30 °C and raising the reaction temperature
to ~20 °C, we isolated 3-methyl-4-(2,3,5-tribromopyrrol-
1-yDfurazan (2) in ~82% yield. Mixing the reagents at

* Dedicated to Academician V. A. Tartakovsky on the occasion
of his 75th birthday.

20 °C or conducting the reaction at a higher temperature
resulted in a lower yield of compound 2 and consider-
able resinification. When compound 1 was treated with
an excess of NBS (5 equiv.) in trifluoroacetic acid
(=30 °C — 20 °C) for 48 h, the reaction mixture con-
tained tetrabromide 3 (GC-MS data). However, we failed
to isolate this derivative. The major product was again
compound 2 (~75%). It is known!1:12 that polybromo-
pyrroles can act as brominating reagents. Apparently, one
of the Br atoms in compound 3, which is additionally
activated by the furazan ring, is readily exchanged for an
H atom when in contact with solvents or moisture during
the workup of the reaction mixture.
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According to literature data,16 the methyl group at the
furazan ring can be monobrominated under the action of
NBS. However, a NMR study revealed that the methyl
group in compound 1 is not brominated in our experi-
ments.

Chlorination of compound 1 with N-chlorosuccin-
imide (NCS, 4 mol.) in glyme or THF was less efficient.
2,5-Dichloropyrrole 4 was obtained as the sole product
in ~77% yield (see Scheme 1). The formation of the
2,5-isomer was confirmed by spectroscopic methods and
agrees with the usual reaction pathway.1117 It should be
noted that the reaction in boiling THF gave a complex
mixture of inseparable products. Chlorination in trifluoro-
acetic acid was accompanied by strong resinification.
Tetrachloride 5 was not detected even by GC-MS. As in
bromination, the methyl group of compound 1 was not
chlorinated, although this process is possible under simi-
lar conditions.18:19

Iodination of compound 1 in acetic acid with the
KI—H,0, system did not occur at low temperature; heat-
ing resulted in resinification.

Thus, the pyrrole ring containing the furazanyl sub-
stituent at the N atom is less reactive in electrophilic
halogenation.

Usually, the pyrrole ring easily undergoes electrophilic
nitration leading to mono- to tetranitro derivatives.20 At
low temperature (—40 to —10 °C), N-substituted pyrrole
can be mononitrated to give a mixture of 2- and 3-nitro
products, regardless of the electronic nature of the sub-
stituent at the ring N atom. For instance, treatment of
I-methylpyrrole with HNOj; in acetic anhydride at —30 °C
mainly yields the 2-nitro isomer (the 2-nitro/3-nitro ratio
was ~1.5 : 1).21.22 The opposite pattern was observed for
1-arylpyrroles: the ratio of the 3-nitro/2-nitro isomers
was ~2: 1.23-25

Nitration of compound 1 at —30 °C with a mixture of
100% HNO; and Ac,O also yielded two mononitrated
regioisomers (Scheme 2), the reaction being accompa-
nied by appreciable resinification. Separation of the reac-
tion mixture by column chromatography gave 2-nitro iso-
mer 6 (43%) and 3-nitro isomer 7 (16%); i.e., the furazan
ring as a substituent influences like alkyl (incapable of
conjugation) rather than aryl groups.
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We employed 'H and 13C NMR spectroscopy (see
Experimental) traditionally used to identify the resulting
nitro regioisomers (see Refs 24—28). It should be noted
that the observed chemical shifts agree well with the cal-
culated ones.

We discovered that the signal for the 2-nitro isomer is
shifted upfield in the N NMR spectrum (§(}4N) —27.6
vs. —18.7 for the 3-nitro isomer). This difference can be
used for analytical purposes.

At —15 °C, nitration of a 1-substituted pyrrole con-
taining the electron-withdrawing CF,CF,H group with
an HNO;—H,SO, system gives only 2,4-dinitro prod-
uct.15 At the same time, nitration of 1-methylpyrrole at
20 °C with HNO3;—Ac,0 produces a mixture of 2,3-,2,4-,
2,5-, and 3,4-dinitro isomers with the ratio 5:74:10: 6
in a total yield of 78%.26 Thus, the 2,4-dinitro isomer is
again the major reaction product. This regioisomer is also
dominant in nitration of both 1-methyl-2-nitropyrrole and
I-methyl-3-nitropyrrole with HNO3;—Ac,0 at —30 °C;
the formation of nitration by-products is minimized in
this case.?2

Also we used stepwise nitration, which is more selec-
tive. Treatment of the 2-nitro isomer 6 with a mixture of
nitric acid and trifluoroacetic anhydride at —30 °C af-
forded two dinitro products highly contaminated by par-
allel oxidative processes. Separation of the mixture by
column chromatography gave 2,5- and 2,4-dinitropyrroles
8 and 9 in 19 and ~24% yields, respectively; i.e., the
isomers were obtained in approximately equal amounts
(Scheme 3). Therefore, the presence of the furazanyl sub-
stituent at the N atom of the pyrrole ring changes the
regiodirection of the nitration.
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The structures of the isomers 8 and 9 were proved by
'H and 3C NMR spectroscopy and a comparison with
literature26 and calculated data. For instance, the cou-
pling constant J, ¢ = 2.2 Hz, which is typical of 2,4-di-
nitro isomers,26—28 was observed for compound 9.

The YN NMR spectrum of isomer 8 shows a signal at
8 —31.6 (C(3)NO,), while for 2,4-dinitro derivative 9,
two signals appear at § —24.5 (C(5)NO,) and —30.9
(C(3)NO,). The positions of these signals correlate with
the aforementioned tendency.
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Interestingly, the nitration of the other mononitro
isomer 7 under the same conditions proceeded more
smoothly and regioselectively to give only 2,4-dinitro iso-
mer 9 in ~70% yield. Isomer 7 behaves like 1-methyl-3-
nitropyrrole, which is also nitrated to a 2,4-dinitro de-
rivative (79%).22

The IR spectra of all the nitro derivatives obtained
show bands at 1530 and 1350 cm~! characteristic of nitro
compounds.?? The mass spectra of all the compounds
contain an intense molecular ion peak [M]*. Fragmen-
tation starts with decomposition of the furazan ring
(via liberation of NO) followed by elimination of the
nitro group.

Unlike mononitro derivatives of N-methylpyrroles,
which are easily brominated with NBS,27-30 neither of the
mononitro isomers (6 or 7) was halogenated under the
action of NCS or NBS in THF at room temperature; in a
boiling solvent, the reaction mixture underwent slow
resinification.

The efficient Vilsmeier—Haack formylation of pyr-
roles with a POCl;—DMF complex usually gives a mix-
ture of two isomeric formylpyrroles, the 2-isomer being
dominant.3! Heating of compound 1 with the Vilsmeier
complex in chloroform for 3.5 h resulted in considerable
resinification. We isolated only 4-(2-formylpyrrol-1-yl)-
3-methylfurazan (10) (~30%) (Scheme 4); its spectro-
scopic characteristics are typical of the 2-regioisomer.32
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To sum up, the presence of the furazanyl substituent
at the N atom of the pyrrole ring substantially does not
change the direction of the attack of electrophilic re-
agents, yet preventing exhaustive replacement of the
hydrogen atoms of the pyrrole ring.

Experimental

Melting points were determined on a Gallenkamp melting
unit and are given uncorrected. IR spectra were recorded on a
Specord IR-75 spectrometer in KBr pellets for solids and in thin
films for liquids. Natural-abundance 'H, 13C, and 4N NMR
spectra were recorded on a Bruker AM-300 spectrometer
(300.13, 75.7, and 21.5 MHz, respectively). Chemical shifts
in the N NMR spectra are given on the & scale with nitro-
methane as the external standard. The course of the reactions
was monitored and the purity of the products was checked

by TLC on Silufol UV-254 plates. For preparative chroma-
tography, SiO, 40/100 was used. The starting 3-methyl-
4-pyrrolylfurazan 1 was prepared according to a known
procedure.$

3-Methyl-4-(2,3,5-tribromopyrrol-1-yl)furazan (2). N-Bro-
mosuccinimide (1.43 g, 8 mmol) was added in small portions at
—30 °C to a solution of compound 1 (0.3 g, 2 mmol) in glyme
(35 mL). The resulting mixture was stirred at —30 °C for 1.5 h
and then allowed to warm to ambient temperature. The suspen-
sion was concentrated under reduced pressure. The residue was
treated with CCl, (20 mL) and the precipitate of succinimide
was filtered off. The solution was passed through a short column
of silica gel and concentrated to a light yellow oil that crystal-
lized in prolonged storage. The yield of compound 2 was 0.63 g
(82%). Found (%): C, 21.82; H, 1.06; N, 10.85. C;H4Br;N;0
(385.84). Calculated (%): C, 21.79; H, 1.04; N, 10.89. 'H NMR
(CDCly), 8: 2.30 (s, 3 H, Me); 6.50 (s, 1 H, C(5)H). 3C NMR
(CDCly), &: 7.6 (Me); 102.7 (C(3)); 103.1 (C(4)); 104.4 (C(5));
116.6 (C(6)); 149.7 (C(1)); 150.4 (C(2)). IR, v/cm~!: 3136,
1576, 1524, 1440, 1392, 1296, 1280, 1044, 944, 900, 853, 788.
MS, m/z: 385 [M]".

3-(2,5-Dichloropyrrol- 1-yl)-4-methylfurazan (4). N-Chloro-
succinimide (2.1 g, 16 mmol) was added at —30 °C to a stirred
solution of compound 1 (0.3 g, 2 mmol) in acetonitrile (35 mL).
The reaction mixture was gradually warmed to ambient tem-
perature and stirred for an additional 24 h. The solvent was
removed in vacuo and the residue was suspended in CCl, (20 mL).
The precipitate of succinimide was filtered off. The solution was
passed through a short column of silica gel and concentrated
in vacuo to a light yellow oil. The yield of product 4 was 0.33 g
(77%). Found (%): C, 38.59; H, 2.33; N, 19.24; CI, 32.49.
C;H;5C1,N;0 (218.04). Calculated (%): C, 38.56; H, 2.31;
N, 19.27; Cl, 32.52. 'H NMR (CDCly), &: 2.32 (s, 3 H, Me);
6.24 (s, 2 H, C(4)H). 13C NMR (CDCl,), &: 7.4 (Me); 109.6 (s,
2 C, C4), C(9)); 116.4 (s, 2 C, C(3), C(6)); 148.9 (C(2));
150.0 (C(1)). IR, v/ecm~: 2960, 1576, 1528, 1448, 1392, 1304,
1264, 1048, 928, 856, 796. MS, m/z: 221, 219, 217 [M]™, 191,
189, 187 [M — NOJ*.

Nitration of 3-methyl-4-(pyrrol-1-yl)furazan (1). A mixture
of 100% HNO; (1.83 mL, 40 mmol) and acetic anhydride (5 mL)
was added dropwise at —5 to 0 °C to a stirred solution of com-
pound 1 (5.0 g, 33.5 mmol) in acetic anhydride (13.5 mL). The
reaction mixture was allowed to warm to ambient temperature
and poured onto ice (50 g). The product was extracted from the
resulting emulsion with CH,Cl, (3x35 mL). The combined ex-
tracts were washed with water (3x20 mL), dried over MgSQ,,
and concentrated. The residue was chromatographed on SiO,
with CCl4;—CHCI; (1 : 2) as an eluent.

First fraction. 3-Methyl-4-(2-nitropyrrol-1-yl)furazan (6).
The yield was 2.48 g (43%), light yellow crystals, m.p.
83.5—86 °C. Found (%): C, 43.36; H, 3.13; N, 28.83. C;H¢N,O;
(194.15). Calculated (%): C, 43.31; H, 3.11; N, 28.86. 'H NMR
(CDCly), 8:2.30 (s, 3 H, Me); 6.55 (dd, 1 H, C(5)H, J=2.2 Hz,
J=1.7Hz);7.05(dd, 1 H, C(6)H, /= 1.7 Hz, J= 1.3 Hz), 7.45
(dd, 1 H, C(4)H, J = 2.2 Hz, J = 1.3 Hz). 3C NMR, &: 7.7
(Me); 111.7 (C(5)); 116.0 (C(4)); 130.2 (C(6)); 137.9 (C(3));
149.4 (C(1)); 151.9 (C(2)). *N NMR (acetone-dg), 8: —27.6
(Avi, = 75 Hz, NO,). IR, v/em~!: 3136, 1584, 1572, 1540,
1496, 1452, 1360, 1328, 1320, 1288, 1168, 1100, 1048, 1032,
976. MS, m/z (I, (%)): 194 [M]* (8), 167, 164 [M — NOJ*
(11), 149 [MH — NO,]* (100).
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Second fraction. 3-Methyl-4-(3-nitropyrrol-1-yl)furazan (7).
The yield was 0.94 g (16%), green-yellow crystals, m.p.
59—64 °C. Found (%): C, 43.33; H, 3.12; N, 28.87. C;H¢N,O3
(194.15). Calculated (%): C, 43.31; H, 3.11; N, 28.86. 'H NMR
(CDCly), &:2.53 (s, 3 H, Me); 6.85 (d, 1 H, C(6)H, J= 1.6 Hz);
7.12 (dd, 1 H, C(5)H, J=1.6 Hz, /=19 Hz); 7.45 (d, 1 H,
C(3)H, J = 1.9 Hz). 13C NMR (CDCly), & 9.0 (Me); 107.9
(C(5)); 119.8 (C(3)); 121.1 (C(6)); 139.7 (C(4)); 144.8 (C(1));
150.9 (C(2)). "“N NMR (CDCly), &: —18.7 (Av;, = 83 Hz,
NO,). IR, v/em~': 3160, 3128, 3112, 1624, 1592, 1544, 1520,
1496, 1392, 1376, 1296, 1232, 1176, 1080, 1048, 928, 888, 824.
MS, m/z (I, (%)): 194 [M]* (100), 164 [M — NOJ* (18).

(Dinitropyrrol-1-yl)furazans 8 and 9. A solution of 3-methyl-
4-(2-nitropyrrol-1-yl)furazan (6) (0.35 g, 0.0018 mol) in a mix-
ture of trifluoroacetic anhydride (1 mL) and CH,Cl, (5 mL) was
added dropwise at —30 °C to a stirred solution of 100% HNO;
(0.13mL, 0.19 g, 0.003 mol) and trifluoroacetic anhydride (3 mL,
1.26 g, 0.006 mol) in CH,Cl, (5 mL). The dropping rate was
such that the temperature was no higher than —25 °C (cooling
with a dry ice/CCl, bath). The reaction mixture was allowed to
warm to ambient temperature and concentrated in vacuo. The
residue was dissolved in CH,Cl, (30 mL), washed with water
(3x20 mL), dried over MgSQOy, and concentrated in vacuo. The
resulting mixture (0.21 g) of regioisomers 8 and 9 was separated
by column chromatography.

First fraction. 3-(2,5-Dinitropyrrol-1-yl)-4-methylfurazan
(8). The yield was 19%, an orange oil. Found (%): C, 35.20;
H, 2.13; N, 29.26. C;H35N;O5 (239.15). Calculated (%):
C, 35.16; H, 2.11; N, 29.28. 'H NMR (CDCly), 8: 2.42 (s, 3 H,
Me); 7.43 (s, 2 H, C(4)H). 3C NMR (CDCls), & 7.1 (Me);
112.3 (s, 2 C, C(4)); 139.0 (s, 2 C, C(3)); 149.0 (C(2)); 149.8
(C(1)). '*N NMR (CDCly), & -31.6 (Avi, = 50 Hz, NO,).
MS, m/z (I, (%)): 239 [M]* (100), 209 [M — NO]* (10), 193
[M — NO,]* (4), 163 [M — NO — NO,]* (15), 151, 140.

Second fraction. 3-(2,4-Dinitropyrrol-1-yl)-4-methylfurazan
(9). The yield was 24%, yellow crystals, m.p. 85—87 °C.
Found (%): C, 35.17; H, 2.09; N, 29.24. C;H;sN;O;5 (239.15).
Calculated (%): C, 35.16; H, 2.11; N, 29.28. 'H NMR (CDCl,),
8:2.36 (s, 3 H, Me); 7.83(d, 1 H, C(6)H, J4 s = 2.2 Hz); 7.88 (d,
L H, C(4H, Jy 6 = 2.2 Hz). 13C NMR (CDCly), & 7.7 (Me);
109.1 (C(4)); 126.3 (C(6)); 136.3 (C(3)); 136.9 (C(5)); 149.2
(C(1)); 150.7 (C(2)). YN NMR (CDCly), §: —24.5 (Av, =
66 Hz, C(5)NO,); —30.9 (Av; , =90 Hz, C(3)NO,). IR, v/em™!:
3136, 1584, 1560, 1552, 1536, 1528, 1516, 1480, 1424, 1356,
1312, 1296, 1208, 1184, 1088, 1048, 984, 864, 832.

Analogous nitration of 3-methyl-4-(3-nitropyrrol-1-
yl)furazan (7) (0.33 g, 0.0017 mol) gave compound 9 (0.28 g,
69%) identical in all characteristics with the above sample.

4-(2-Formylpyrrol-1-yl)-3-methylfurazan (10). Phosphoryl
chloride (0.91 g, 0.55 mL, 0.006 mol) was added dropwise to a
mixture of DMF (0.46 g, 0.006 mol) and chloroform (9 mL).
The addition was accompanied by a slight exothermic ef-
fect (~5 °C). The mixture was stirred for 5 min and then com-
pound 1 (0.45 g, 0.003 mol) was added. The resulting solution
was refluxed for 3.5 h, cooled to room temperature, and poured
onto ice. The organic layer was separated. Organic material from
the aqueous layer was extracted with chloroform (4x10 mL).
The extracts were combined with the organic layer, washed with
water to a neutral reaction, and dried over MgSO,. The resulting
solution was passed through a column with silica gel (20 g)
eluted with chloroform (150 mL). The yield was 0.16 g (30%),

light beige crystals, m.p. 75—76 °C. Found (%): C, 54.30;
H, 4.01; N, 23.66. CgH,N;0, (177.16). Calculated (%):
C, 54.24; H, 3.98; N, 23.72. '"H NMR (CDCl5), &: 2.23 (s, 3 H,
Me); 6.54 (dd, 1 H, C(5)H, J = 2.3 Hz, J= 1.7 Hz); 7.13 (dd,
1H,C(4)H,/J=1.7Hz,J= 1.1 Hz); 7.25 (dd, 1 H, C(6)H, J =
2.3 Hz,J= 1.1 Hz); 9.61 (s, 1 H, CHO). 13C NMR (CDCl,), &:
7.8 (Me); 112.6 (C(5)); 125.8 (C(6)); 131.5 (C(3)); 132.8 (C(4));
149.4 (C(1)); 152.8 (C(2)); 178.5 (CHO). IR, v/cm~: 3112,
2928, 2848, 1652, 1584, 1528, 1456, 1356, 1288, 1240, 1056,
1040, 984. MS, m/z: 177 [M]*, 147 [M — NOJ*.
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