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Convenient Amination of Weakly Activated Thiophenes, Furans and Selenophenes in
Agqueous Media
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Abstract: We describe herein a new amination procedure of weakly activated heterocyclic bromo
derivatives in aqueous media. The base catalysed mechanism of this reaction is also confirmed. Moreover,

the application of this strategy to the preparation of amino furans and selenophenes is outlined. © 1999 Elsevier
Science Ltd. All rights reserved.

INTRODUCTION

The aromatic nucleophilic substitution (SyAr) is an attractive method for introducing amino groups

at the thiophene nucleus'. In these SyAr reactions, the thiophene nucleus is generally substituted by at
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studies’, the nucleophilic displacement of an halide by a secondary amine requires polar solvents as

acetonitrile, DMF, DMSO or methanol®. To our knowledge, only few examples of SyAr using moderatly

obtained in modest to good yields.

In a recent paper, we reported a convenient preparation of 5-N,N-disubstituted-aminothiophene-2-
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Scheme 1
We showed that quantitative yields can be obtained in aqueous conditions even when the thiophene ring is

weakly activated. This method is a useful alternative to the synthetic methods of aminothiophenes which
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have been reviewed a few years ago’.
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In the present paper, we first wish to discuss the mechanism of aqueous SyAr with neutral
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acetyl-5-aminothiophenes and various 3-aminothiophenes. We also describe the application of the strategy

for the preparation of N,N-disubstituted aminofurans and selenophenes.

RESULTS AND DISCUSSION

the following study, we choosed S5-morpholino-thiophene-2-carboxaldehyde 1a as model compound
because morpholine is mildly nucleophilic and basic.

t with amines to afford aminals’, we first wanted to know if this
type of reaction occurred in the SyAr process : 5-bromothiophene-2-carboxaldehyde was refluxed for 12
hours with 3 eq. of morpholine in water but no traces of the aminal 2 could be detected (Scheme 2). In

this reaction conditions, only the aminothiophene 1a was obtained in high yield.
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However, mixing S-bromothiophene-2-carboxaldehyde and morpholine at room temperature gave the
aminal 2 but at least a 2 : 1 aminal / aldehyde ratio was required to ensure completion of the reaction. The

crystalline aminal 2 was isolated and characterized. Refluxing 2 in water regenerated the aldehyde in less
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We showed previously”, that the SyAr reaction needs an excess of base to succeed. In fact, the
amine plays the role of nucleophile and base. Its role is illustrated in the following mechanism reported
earlier by Bunnett® (Scheme 4)
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The use of different tertiary amines as base in the reaction of 5-bromo-thiophene-2-carboxaldehyde

with 1.1 equivalent of morpholine gave the results shown below in Scheme 5 and Table 1
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Table 1: Time for the disappearance of S-bromothiophene-2-carboxaldehyde in the presence of
morpholine and a tertiary amine
Base Eq. pKa Time (h)

pyridine 2 5.1 48
N-methylmorpholine 2 7.4 14
N-methylpiperidine 2 10.1 12
triethylamine 2 10.7 11
triethylamine 4 10.7 4
DABCO 2 111 2

Times for reaction completion have been determined by gas chromatography. They are reduced from 48
hours to 2 hours by going from pyridine to the more basic DABCO. This supports the fact that the
deprotonation of the first generated intermediate is rate determining (Scheme 3).

Nevertheless, if Table 1 shows spectacular rate increase by using 4 equivalents of triethylamine or 2

equivalents of DABCO, we recommend to avoid the use of DABCO due to purification problems.

On the other hand, we observed amination rate increase in presence of water as a solvent’ by
comparison with other polar solvents'. As recently described by Spinelli’, it is probable that in SyAr
processes, involving amine nucleophiles, solvation as well as steric and electronic effects come into play.
Moreover, when the reaction is carried out in deoxygenated water, in the absence of light and oxygen as

11, 12

suggested by Marquet' and others'" ', no variations of the reaction rates are observed, suggesting that no

radical intermediates are involved.

In a second part, we report the application of the SyAr in aqueous media to the preparation of 2-

acetyl-5(or 3)-aminothiophenes and 3-aminothiophene-2-carboxaldehydes.

Amination of 2-acetyl-5-bromothiophene has been realised by using 3 eq. of the reacting amine in refluxing

water (Scheme 6, Table 2). Aminothiophenes 3 were obtained in high yields as indicated in Table 2.
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Table 2: Synthesis of 5-amino-2-acetylthiophenes 3

Entry Compound Amine Eq. Time(h) Yield(%)
1 a Morphoiine 3 i2 88
2 3b Piperidine 3 12 85
3 3¢ Dimethylamine 3 12 90
4 3d Pyrrolidine 3 12 82
5 3e 4-hydroxy-piperidine 3 12 79
6 3f diphenylamine 3 24 -

The same strategy was then applied to the 3-bromothiophenes 4 and 5 leading to the correspondin
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derivatives 6 and 7 (Scheme 7, Table 3).
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The reactions were performed in boiiing water for the time indicated in Tabie 3. The yieids ranged from 59
to 75%. In both cases, no reaction was observed with the weakly nucleophilic diarylamines even for

prolonged heating times, the unchanged starting material being recovered.
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Table 3: Synthesis of 3-aminothiophenes 6 and 7
Entry Cempound Amine Eq. Time{br) Yieid(%s)
1 6a Morpholine 3 18 75
2 6b Piperidine 3 18 73
3 6¢c Dimetihylamine 3 18 69
4 6d Pyrrolidine 3 18 74
5 6e 4-hydroxy-Piperidine 3 18 68
6 of Diphenylamine 3 18 -
7 7a Morpholine 3 24 61
8 7b Piperidine 3 24 65
9 Tec Dimethylamine 3 24 66
10 7d Pyrrolidine 3 24 55
11 Te 4-hydroxy-Piperidine 3 24 59
12 7€ Diphenylamine 3 24 -
In accordance with the experiments of Spinelli, * who described that only an activated bromine

atom is substituted in SyAr reactions, the isomeric 4-bromothiophene-2-carboxaidehyde did not give any

amination product under these aqueous conditions, even after 72 hours (Scheme 8).
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Finally, we report the application of the aqueous amination procedure to the preparation of
aminofirrans and selenophenes.
In fact, a few preparations of aminofurans have been described by classical reduction or electroreduction of
nitrofurans,"*"* by reaction of a Grignard reagent to aminocyclobutenone,'® by conversion of B-
ionic acids with acetic anhydride and a mineral acid' or by direct amination 1 1

of the parent iodo or
bromo derivative under various experimental conditions with modest to good yields'®. To the best of our

knowledge, no N, N-disubstituted aminoselenophenes have been reported so far.



bromoselenophene-2-carboxaldehyde in aqueous conditions, are shown below (Scheme 9, Table 4).

J N\ Amee, /)

OHC”\\X/’“‘Br Water oHc~"\Xz"~NR2

8X=0
9 X =Se
Scheme 9
Table 4: Synthesis of aminofurans 8 and -selenophenes 9
Entry X Amine Eq. Time Yield(%) Product

1 0 morpholine 3 20 min 98 8a
2 (0] piperidine 3 20 min 96 .13}
3 O dimethylamine 3 20 min 98 8¢
4 Se  morpholine 3 10 hours 95 9a
5 Se dimethylamine 3 12 hours 94 9¢
6 Se pyrrolidine 3 12 hours 91 9d

If selenophene reacts in 10 to 12 hours as the thiophene ring does, furan affords the corresponding amino
derivatives in only 20 minutes with quantitative yields, thus denoting different reactivity for the three

heterocycles, with the following order : O> S, Se.

CONCLUSION

In summary, we have developed a new and attractive general method of preparation of some N, N-
disubstituted aminothiophenes, -furans and -selenophenes. This reaction is particularly adapted to weakly

activated heteroaromatic ring systems.
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EXPERIMENTAL

M.p.s were determined on a Kofler Bench and are uncorrected. 'H and “C NMR spectra were
respectively recorded on a Bruker AM 250 spectrometer at 250.13 and 62.89 MHz in deuterochioroform

tal analyses were

Cinciila: af
performed on a Carlo Erba elemental analyser, infrared spectra on a Perkin Elmer FTIR and UV-visible
spectra on a Shimadzu 1250 apparatus.

5-bromo-2-(bismorpholino)methyl thiophene 2:
To 2-bromothiophene-5-carboxaldehyde (176mg, 1mmol) was added morpholine (170mg, 2.1mmol).
d

After coolin fh mixture at n°P drv ether {Iﬂml\ was added. The soh
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twice with ether (2x10ml).
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"H NMR (CDCls) 8 2.46 (m, 8H, NCHS>), 3.62 (m, 8H, OCHS,), 3.85 (s, 1H, CH), 6.60 (d, 1H, H;, J = 3.6
Hz), 6.89 (d, 1H, Hy, J = 3.6 Hz). °C NMR (CDCL) & 140.4 (Cs), 128.9 (Cy4), 126.9 (C3), 112.8 (Cy),

847 (CH), 66.9 (QCH, ) 49 6 (N_C_H )
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Typical procedure for the SyAr in water: to the bromo derivative (20 mmol) and the secondary reacting

amine (60mmol) was added Sml of water The resulting mixture wa
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twice with cold water or the reaction mixture was extracted twice with dichloromethane.

In the case of the preparation of 2-acetyl-5-aminothiophenes 3, the reactants were heated at 120°C in a

sealed tube for 18 hours. The same procedure as above can then be applied.

-acetyl-5-morpholino-thiophene 3a: mp: 126°C, purification by flash chromatography on silica gel

IR (KBr) cm™ : 1615. UV/Vis (MeOH) nm (g): 364 (46100).
'H NMR (CDCl3) 5 2.43 (s, 3H, CHs), 3.28 (t, 4H, NCH,, J = 5.8 Hz), 3.84 (t, 4H, OCH,, J = 5.8 Hz),

{
134.8 (C5), 126.6 (Cy), 104.2 (Cy), 65.9 (OCH,), 49.6 (NCH>), 25.25 (CH,).
Elemental analysis: Calcd for CioH;30,NS: C: 56.84, H: 6.20, N: 6.63. Found: C: 56.67, H: 6.43, N: 6.83.



2-acetyl-5-piperidino-thiophene 3b: mp: 112°C, purification by flash chromatography on silica gel

IR (KBr) cm™ : 1619. UV/Vis (MeOH) nm (g): 372 (36500).

'H NMR (CDCl) 6 1.68 (m, 6H, CH,-CHy), 2.40(s, 3H, CH;), 3.29 (t, 4H, NCHa, ] = 4.5 Hz), 5.98 (d,
IH, Hy, J = 3.75 Hz), 7.44 (d, 1H, Hs, J = 3.8 Hz). ®C NMR (CDCls) & 188.6 (CO), 167.5 (Cs), 135.4

analysis: Caled for C;H;sONS: C: 63.12, H: 6.69, N:7.22. Found: C: 63.28, H: 6.88, N: 7.41.

2-acetyl-5-N, N-dimethylamino-thiophene 3¢: mp: 87°C, purification by flash chromatography on silica gel
(CH,CLy)

IR (KBr) cm’™ : 1601. UV/Vis (MeOH) nm (&): 369 (15650)

'H NMR (CDCL) 5 2.41 (s, 3H, CHs), 3.09 (s, 6H, NCH;), 5.85 (d, 1H, Hy, ] = 4.1 Hz), 7.45 (d, 1H, H,
J=45Hz). "C NMR (CDCl) 6 188.3 (CO), 165.9 (Cs), 134.6 (C3), 127.1(Cy), 103.2 (C4), 45.3 (NCH3),
23 4 (CH;). Elemental analysis: Calcd for CgH;yONS: C: 56.80, H: 6.51, N: 8.28. Found: C: 57.02, H:
6.85, N 8.12

2-acetyl-S-pyrrolidino-thiophene 3d: mp: 116°C, purification by flash chromatography on silica gel
(CH,CLy)

IR (KBr) cm™ : 1600. UV/Vis (MeOH) nm (¢): 375 (31100).

H NMR (CDCl) § 2.07 (m, 4H, CH,-CH,), 2.39 (s, 3H, CHs), 3.34 (m, 4H, NCH,), 5.74 (d, 1H, H,, J =
43 Hz), 7.45 (d, 1H, Hs, J = 44 Hz). "C NMR (CDCl;) & 188.15 (CO), 163.45 (Cs), 136.05 (Cs), 12

IR (KBr) cm™ : 1615. UV/Vis (MeOH) nm (g): 370 (25200).
'H NMR (CDCl;) § 1.60 (brs, 1H, OH), 1.71 (m, 2H, CH,-CH,), 2.04 (m, 2H, CH,-CH,), 2.41 (s, 3H,
CHs), 321 (m, 2H, NCH,), 3.61 (m, 2H, NCH,), 3.95 (m, 1H, CH), 6.01(d, 1H, H,, J=5.2 (

1H, Hs, J = 5.2 Hz). ®C NMR (CDCl;) § 185.4 (CO), 166.2 (Cs), 138.2 (C3), 120.5 (C,), 102.3 (Cy), 66.2
(CHOH), 47.9 (NCH,), 33.8 (CH,-CH,), 25.1 (CHj).
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IR (KBr) cm™ : 1650. UV/Vis (MeOH) nm (g): 361 (8000).
'H NMR (CDCl;) & 3.28 (t, 4H, NCH,, J = 4.7 Hz), 3.78 (t, 4H, OCH,, J = 4.7 Hz), 6.76 (d, 1H, H,, J =

135.4 (Cs), 122.9 (Cy), 120.6 (Cs), 65.3 (OQHz), 52.7 (NQI—I;).
Elemental analysis: Calcd for CoH;;0,NS: C: 54.8, H: 5.62, N: 7.1. Found: C: 54.79, H: 5.71, N: 7.24.

3-piperidino-thiophene-2-carboxaldehyde 6b: oil, purification by flash chromatography on silica gel
(CH,Chy)

124 (I{Dr

IR {KBr)cm
"H NMR (CDCls) 8 1.70 (m, 6H, CH,-CH,), 3.37 (t, 4H, NCH,, J = 4.3 Hz), 6.77 (d, 1H, Hs, J = 5.3 Hz),
7.55 (d, 1H, Hs, J = 5.2 Hz), 9.90 (s, 1H, CHO). “C NMR (CDCl) 6 181.1 (CHO), 158.9 (C3), 135.4
(Cs), 121.6 (Cy), 121.1 (Cy), 54.4 (NCH3), 25.8 (CH,-CH>), 23.8 (CH,-CH;). Elemental analysis: Calcd
tor C;oH;sONS: C: 61.51, H: 6.71, N: 7.17. Found: C: 61.58, H: 6.88, N: 7.25.

3-N, N-dimethylamino-thiophene-2-carboxaldehyde 6¢: oil, purification by flash chromatography on silica
gel (CHCL3)

R (KBr) cm™ : 1622. UV/Vis (MeOH) nm (g): 364 (15650).

'H NMR (CDCls) & 3.23 (s, 6H, NCHs), 6.64 (d, 1H, H,, J = 5.6 Hz), 7.53 (d, 1H, Hs, J = 5.5 Hz), 9.91
(s, 1H, CHO). ”C NMR (CDCl;) § 180.3 (CHO), 155.9 (Cs), 135.6 (Cs), 118.1 (C3), 119.2 (Cy), 443
(NCHs). Elemental analysis: Calcd for C;HsONS: C: 54.17, H: 5.84, N: 9.02. Found: C: 54.02, H: 5.85,
N:9.12.

3-pyrrolidino-thiophene-2-carboxaldehyde 6d: oil, purification by flash chromatography on silica gel
(CH,CL,)

IR (KBr)ecm™ : 1611. UV/Vis (MeOH) nm (g): 369 (12900).

'H NMR (CDCls) 8 2.06 (m, 4H, CH,-CH,), 3.50 (m, 4H, NCH,), 6.53 (d, 1H, H,, J = 5.5 Hz), 7.50 (d,

1T 1Y T - £ & 11

\ r oy B amam oy
iH, Hs, J = 5.5 nzj, %

ﬁ ") res 1 ~ M1\ £ 10N 72 M 1£N
\b, 11, L rvJ). U OINIVIIN ({LJui3) O 10V.D Lriv), io4.

117.2 (Cy), 119.3 (C4), 52.4 (NCH,), 25.6 (CH,-CH,). Elemental analysis: Caled for CsH, ONS: C: 59.64,
H.: 6.12, N: 7.73. Found: C: 59.63, H. 6.21, N: 7.75.



3-(4-hydroxy)piperidino-thiophene-2-carboxaldehyde 6e: oil, purification by flash chromatography on

R (KBr) cm™ : 1620. UV/Vis (MeOH) nm (g): 367 (5850).
'H NMR (CDCl;) 8 1.73 (m, 2H, CH,-CH,), 1.95 (brs, 1H, OH), 2.02 (m, 2H, CH;-CH,), 3.21 (m, 2H,

NOLIY 284 fen DL ROII Y 2 Q7 (e T I £7Q /4 107 LT T — 8 £ LIy 7T LA /4 1L LY | PN
INVLEDJ, J U (ML, &R, INRRDS, 0. T4 (U, 1IN a1y, U.JO0 (U, 111, Ilg, J J.U L), 7.9% (U, 1IL, 115, J — J.L
Hz), 9.86 (s, IH, CHO). “C NMR (CDCl;) & 180.9 (CHO), 158.2 (Cs), 135.6 (Cs), 122.2 (Cy), 121.2
(Cs), 66.7 (CHOH), 50.6 (NCH,), 34.1 (CH,-CHy,), 23.8 (CH,-CHy).

Flamantal analugic: Calad e O IT N NQ- - 84 Q8 LT £ 9N N £ £2 Trennd. M. £ Q00 I £ 99 T £ T7A
Litincital allaiysiy. Laibl LUl UIpli3u2iv0, U, JUL0J, K1 ULV, INL ULUIJ. TOUIIU, U, DU 7Y, 1. V&4, IN. 0. /49,

IR (KBr) cm™ : 1610. UV/Vis (MeOH) nm (g): 374 (7950).
'H NMR (CDCL) 8 0.90 (m, 6H, CH3), 1.20 (m, 4H, CH,-CH,), 1.65 (m, 4H, CH,-CH.), 3.39 (m, 4H,
I

"C NMR (CDCl) 8 180.5 (CHO), 154.3 (C3), 136.1 (Cs), 117.8 (Cy), 119.7 (C4), 54.7 (NCHy), 29.7
(CH>-CH»), 29.1 (CH,-CHy), 20.1 (CH;-CHs), 11.4 (CH3). Elemental analysis: Calcd for C3H;ONS: C:
2-acetyl-3-morpholino-thiophene 7a: oil , purification by flash chromatography on silica gel (CH>Cl,)

"H NMR (250 MHz, CDCly) 8 2.48 (s, 3H, CHs), 3.16 (t, 4H, NCHy, J = 4.5 Hz), 3.83 (1, 4H, OCH,, J -
5 5 7

4.6 Hz), (d, 1H, Hy, J = 5.4 Hz), 7.41 (d, 1H, Hs, J = 5.4 Hz). *C NMR (CDCl) & 188.4 (CO),
184 Q (M. 1247 (CN 12921 (CN 19711 N £&87 (NI AQ LS MNICLIY 209 OIT N Tl oy 1
100.0 (L3), 10%.7 (Ls), 12301 (L2), 1al.d (Ly), Uo7 (VULdly), 97,0 (INGLIT), 7.2 (uri3). ciemenial
analysis: Caled for CioH;30,NS: C: 56.84, H: 6.20, N: 6.63. Found: C: 56.97, H: 6.03, N: 6.65.

?,urof‘ll=1=n;nnr;ﬂ;nn_f innhane 7Th Al nuritfiratinn hvy flach chramatnaranhy An cilicra oal 7OLT 1\
ATAVULYITITHIPUI IGILHVT LIV PILICGS . UL, PULILIValiUi Uy Lasii Wb viiatugliapily Ull siiiva scl \\1112\,12}

R (KBr) cm™ : 1625 UV/Vis (MeOH) nm (g): 364 (12600).

'H NMR (CDCl) 6 1.60 (m, 6H, CH,-CH,), 2.46 (s, 3H, CHs), 3.04 (t, 4H, NCH, J = 4.1 Hz), 6.82 (d

( .
(Cs), 123.7 (Cy), 121.6 (Cs4), 54.3 (NCHy), 25.7 (CHs), 24.7 (CH,-CH>), 23.8 (CH,-CH). Elemental
analysis: Caled for C;1HsONS: C: 63.12, H: 6.69, N: 7.22. Found: C: 63.08, H: 6.58, N: 7.04.
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2-acetyl-3-N, N-dimethylamino-thiophene 7¢: mp: 76°C, purification by flash chromatography on silica gel

IR (KBr) cm™ : 1621. UV/Vis (MeOH) nm (¢): 364 (26500).
'H NMR (CDCl) § 2.45 (s, 3H, CHs), 2.95 (s, 6H, NCH,), 6.79 (d, 1H, Ha, J = 5.4 Hz), 7.34 (d, 1H, H;

= 55 Hz) BC NMR (CDCI

A 127 Q /(M TN (Y 129 Q
RERS VAR OINIVIRN (Ll ";} 107/.0 [RY 134.0

| 1£
J V), 1J0.V (L3,

(NCHj3), 29.1 (CH;). Elemental analysis: Caled for C3H;;ONS: C: 56.80
56.82, H: 6.35, N: 8.42.

2-acetyl-3 -pyrrolidino-thiophene 7d: oil, purification by flash chromatography on silica gel (CHxCl)

IR (KBr) em™ : 1620. UV/Vis (MeOH) nm (g): 363 (32900).

'H NMR (CDCl) 8 1.96 (m, 4H, CH,-CHb,), 2.43 (s, 3H, CHs), 3.37 (m, 4H, NCH.), 6.71 (d, 1H, H,, J =
5.5Hz), 7.32 (d, 1H, Hs, J = 5.5 Hz). C NMR (CDCL) & 187.4 (CO), 152.8 (C3), 131.4 (Cs), 120.8 (Cy),

119.7 (Cy), 52.5 (NCHa), 29.6 (CHs), 25.9 (CH;-CHy).
Elemental analysis: Calcd for C1oH;30ONS: C: 61.51, H: 6.69, N: 7.19.Found: C: 61.33, H: 6.61, N: 7.48.

2-acetyl-3-(4-hydroxy)piperidino-thiophene 7e: oil, purification by flash chromatography on silica gel

IR (KBr) cm’™ : 1634. UV/Vis (MeOH) nm (g): 362 (8100).
'H NMR (CDCl) 8 1.25 (brs, 1H, OH), 1.75 (m, 2H, CH,-CH,), 2.02 (m, 2H, CH,-C

CH;), 3.01 (m, ZH, NCHy), 3.41 (m, 2H, NCH,), 3.87 (m, 1H, CH), 6.88 (d, 1H, Hy, J = 5.4 Hz), 7.42 (d,
IH, Hs, J = 5.4 Hz). “C NMR (CDCL) & 188.9 (CO), 156.6 (Cs), 130.2 (Cs), 123.5 (Cy), 121.7 (Cy), 67.2
(CHOH), 50.5 (NCH,), 34.4 (CH,-CHy), 28.9 (CH:).

Elemental analysis: Calcd for C;1H;s0,NS: C: 58.64, H: 6.71, N: 6.22. Found: C: 58.79, H: 6.72, N: 6.04

S-morpholino-furan-2-carboxaldehyde 8a: oil, purification by flash chromatography on silica gel (CH,Cl,)
R (KBr) cm™ : 1651. UV/Vis (MeOH) nm (g): 357 (17300).

lpy NMD (
L1 LNIVREN \

3.9 Hz), 7.08 (d, 1H, Hs, ] = 4.0
144.5 (C3), 130.9 (C,), 86.8 (Ca),
oy

5.4 (OCH,), 45.6 (NCH,)
nnnnnn "~ el N8 N- 778 Fannd- - L0047 - £27 N 792
ciemental aﬂal_yaia Caled for C9111103I\T. C: 59 63, H:6 Uo, IN: J./3. rOUna: L 55.6/, 1 .53, N. /.65
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5-piperidino~ﬁ1ran~2-carboxaldehyde 8b: oil, purification by flash chromatography on silica gel (CH,Cl,)

(Br) cm™ : 1652. UV/Vis (MeOH) nm (g): 364 (46600)

VL. > \AVAMNSL R IOy VIV

T

NMR (CDCl) 6 1.62 (m, 6H, CH,-CH,), 3.39 (m, 4H, NCHy), 5.25 (d, 1H, Hy, J = 3.95 Hz), 7.17 (d,
IH, Hs, ] = 3.9 Hz), 8.95 (s, 1H, CHO). *C NMR (CDClL) 5 173.6 (CO), 163.5 (Cs), 142.8 (Cs), 133.4

8- N N_Himnthvlamnnn furan-2-carboxaldehvde 8¢ mp: 82°C  nurification by flash chromatoeranhy on
AN A1 AT NSRAR i ll] A A Y llva Vdw vy P“ AAWHALVIVL VJ ARGATAR Wik vll‘“‘vs‘ u'lll A2 3
silica gel (CH,Cl,)
-1 .
IR (KBr) cm’ : 1644, UV/Vis (MeOH) nm (g): 361 (43900)
IH NMR (CDCLY8297 (s. 6H NCH:) 516(d 1H H, J=41Hz) 712¢d 1H H. J=40Hz) 885
\\/U\/l\j’ T he. /T \\), Vll, L‘\/‘._l‘j’ o AN \u’ IAL, AM.’ oF . i Ll‘dl’ 7 L L \u, IIL’ 113’ o LN lm” .oy

(s, 1H, CHO). ®C NMR (CDCl) 8 172.5 (CHO), 163.9 (Cs), 144.25 (C3), 131.8 (Cy), 86.1 (Cs), 37.8
(NCH;). Elemental analysis: Calcd for C;HoO,N: C: 60.41, H: 6.46, N: 10.08. Found: C: 6034, H: 625,
N: 9.89.

5-morpholino-selenophene-2-carboxaldehyde 9a: mp: 128°C, purification by flash chromatography on
silica gel (CH,Cl,)

IR (KBr) cm™ : 1631. UV/Vis (MeOH) nm (g): 377 (22300).

'H NMR (CDCl;) 8 3.32 (t, 4H, NCH,, J = 5.0 Hz), 3.84 (t, 4H, OCH,, ] = 5.0 Hz), 6.15 (d, 1H, H,, J =
(Cs), 142.8 (C3), 132.4 (C,), 105.25 (Cy), 65.9 (OCH,), 50.7 (NCHp).

Elemental analysis: Calcd for CoH;1O,NSe: C: 44.41, H: 4.53, N: 5.76. Found: C: 54.22, H: 4.39, N: 5.88.

5-N, N-dimethylamino-selenophene-2-carboxaldehyde 9¢: mp: 114°C, purification by flash chromatography
on silica gel (CH,Cly)

IR (KBr) cm’ : 1618. UV/Vis (MeOH) nm (g): 380 (29200).

'H NMR (CDCl;) § 3.11 (s, 6H, NCHs), 5.91 (d, 1H, Hs, J = 4.7 Hz), 7.68 (d, 1H, Hs, J = 4.7 Hz), 9.42
(s, IH, CHO). ®C NMR (CDCl;) 8 181.2 (CHO), 172.3 (Cs), 143.5 (C3), 130.7 (Cy), 104.0 (C4), 43.3
:C: 41.78, H: 4.46, N: 6.96. Found: C: 41.64 425

BEACN N y 1N, WPV LU ,11.

k3
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)em™ : 1625. UV/Vis (MeOH) nm (&): 378 (28700).
'H NMR (CDCl) & 2.12 (m, 4H, CH,-CH,), 3.38 (m, 4H, NCH,), 5.85 (d, 1H, H,, J = 4.6 Hz), 7.68 (d,

fo 1T OLINY B ZNnD /oTvri 8 181 9 (CHOG)
(3, 1M1, LOV), U INIVIN UVU\, 3) 0 101.7 (LU)

7\

1"1"1
, /4

(Cy), 105.1 (C4), 50.6 (NCH,), 25.7 (CH,-CH,). Elemental analysis: Calcd for CsH;;ONSe: C: 47.54, H:
4 85, N:6.17. Found: C: 47.81, H: 5.09, N: 5.91.
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