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Abstract 

A synthesis of new 2-substituted 3-amino-4-hydroxymethylthiophenes 7 is reported as a useful 

alternative to the long known oximation of oxothiophenes 8, followed by treatment with gaseous 

hydrochloric acid in a polar solvent. The synthesis consists of an INOC process of unsaturated 

sulfide nitrile oxides, obtained from the condensation of corresponding nitroalkenes and 

allylmercaptan and then dehydration, which leads to tetrahydrothieno[3,4-c]isoxazoline 4. N,O-

Bond cleavage of 4 upon hydride reduction affords to thiophenes 7 of biological interest. 

 

Keywords: N,O-Cleavage, INOC processes, sugar heterocycles, 2-substitued 3-amino-4-

hydroxymethylthiophenes 

 
 

 

Introduction 

 

Intramolecular nitrile oxide-olefin cycloaddition processes (INOC)1 have been of considerable 

synthetic and mechanistic interest, especially, as far as it concerns the resulting isoxazoline ring 

which can serve as a precursor of different functionalities (hydroxyketone, aminoalcohol and 

other functional groups) stereoselectively produced by cleavage of the N,O-bond (Scheme 1). 

These INOC reactions are particularly useful in the field of the functionalization of heterocycles 

as they lead to isoxazoline-fused heterocycles, which, after selective scission of the isoxazoline 
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nucleus, afford to heterocycles containing two functional groups which are otherwise difficult to 

introduce into the heterocycle, but, generally, easily manipulable.2  
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 In connection with our recent researches on thionucleoside syntheses3 we initially decided to 

apply this strategy of the INOC process for the preparation of 2-substituted 3-amino-4-

hydroxymethyltetrahydrothiophene nucleobases4 (Figure 1). 
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Figure 1. Structure of target nucleoside analogues. 

 

 Thus, as the first attempt, the treatment of a mixture of nitromethane, piperidine, and allyl 

mercaptan with acetaldehyde 1a at room temperature gave the unsaturated nitro sulfide 2a which 

affords the corresponding unisolable unsaturated nitrile oxide 3a by dehydration with phenyl 

isocyanate in the presence of triethylamine according to Mukaiyama5 (Scheme 2). This latter 

spontaneously undergoes a stereoselective INOC process to tetrahydrothieno[3,4-c]isoxazoline 

4a. 
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Subsequently, with the aim of introducing into the free position of the bicyclic thioether the 

acetoxy group, to be substituted by pyrimidine or purine bases, 4a was oxidized to a 

corresponding mixture of diastereomeric sulfoxides 5a6  by periodic acid in the presence of ferric 

chloride,7 and subsequently subjected to the action of refluxing acetic anhydride8 (the Pummerer 

reaction conditions) (Scheme 3).  

Against our expectations, instead of 4-acetoxy-6-methyltetrahydrothieno[3,4-c]isoxazoline, 

the oxidation of 4a followed by treatment with acetic anhydride afforded isoxazolinothiophene 

6a in a moderate yield (62%). 
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Scheme 3 

 

 Compounds 6a clearly derives from the formation of a mixture of diastereomeric thiophene 

oxides 5aA, existing also as their tautomers 5aB, which undergo a proton transposition from C-6 

to N, and aromatization of thiophene ring by loss of acetic acid. 

 Even so, isoxazolinothiophene 6a was converted by us into 3-amino-4-hydroxymethyl-2-

methylthiophene 7a9 upon reduction with lithium aluminium hydride by considering their 

potential biological properties, particularly when the amino group is substituted.10 In this paper 

we have extended the scope of the above reaction sequence to other derivatives 7b-i with several 

groups, such as ethyl, benzyl, and phenyl group, and also some sugar groups, linked to the 2 

position of the ring, because 2-substituted-4-hydroxymethyl-3-aminotiophenes 7 are useful as 

intermediates in the synthesis of thiophene derivatives of pharmaceuticals and agrochemicals.10 

 These new derivatives 7 can also be obtained by reduction with lithium aluminium hydride 

in ether from the corresponding 3-amino-4-alkoxycarbonylthiophenes 9, which, in their turn, are 

for a long time known and are synthesized by means of a reaction sequence consisting of S-

alkylation of alkyl 3-mercapto propanoates in sodium methoxide-methanol with alkyl 2-bromo-

alkanoate at low temperature in moderate to good yield. These resulting thioethers are then 

cyclized with sodium methoxide at r.t. to give oxothiophenes 8 (Scheme 4), which are oximated 

and then treated with gaseous hydrochloric acid in a polar solvent, usually acetonitrile, to give to 

2-substituted-3-amino-4-alkoxycarbonylthiophene hydrochlorides 9.11 
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 In an alternate preparation, compounds 9 were obtained as hydrochloride salts in high yield 

from thiophenecarboxylates by mediated oxidation with sulfuryl chloride12 and furthermore they 

were also prepared by dehydrogenation of dihydrothiophenes in a two-step process involving 

treatment with hydrogen peroxide to give the dihydrothiophene S-oxide, and treatment of the 

oxides with acids.13 

 

 

Results and Discussion 

 

The preparation of the unsaturated nitro sulfides 2b-d was easily achieved with good yields (84-

94%) by following the Hassner4a work, which started from preformed nitroalkenes14 and allyl 

mercaptan in the presence of piperidine at room temperature. In a second step, nitro unsaturated 

sulfides 2b-d were converted on treatment with phenyl isocyanate-triethylamine5 into the 

unsaturated nitrile oxides 3b-d, which, without to be isolated, underwent spontaneous 

cycloaddition to the fused diastereomeric isoxazolines 4b-d in excellent yields (68-80%).  In our 

hands, the diastereomeric compounds were not separated because our final target molecules were 

aromatic. Their structures, which were already known,4a with the exception of 4d, were 

unambiguously assigned on the basis of their spectral data (see Experimental).  
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 Reaction of isoxazolinotetrahydrothiophenes 4b-d with periodic acid in the presence of 

ferric chloride7 afforded to the corresponding unisolated tetrahydrothiophene oxides 5b-d, which 

subsequently gave bicyclic isoxazolinothiophenes 6b-d (70-75%) upon treatment with acetic 

anhydride. The final reduction of 6a-d with lithium aluminium hydride led to expected new 2-

substituted 4-hydroxymethyl-3-aminotiophenes 7a-d, which were obtained in modest yields (55-

62%) due to their apparent instability for the presence of the free amino group. Therefore, they 

were not readily purified, but dissolved in absolute alcohol and added of gaseous hydrogen 

chloride. By addition of absolute ether to the reaction mixture, a initial crop (25-28%) of the 

corresponding chlorides precipitated and after standing one more day, from the filtrate an 

additional 24-26% (total 49-54%) of the salt deposited. 

 Some other attempts were conducted in the presence of weak oxidant reagents, which are 

reported in literature to afford only sulfoxide, without over-oxidation, such as sodium periodate 

supported on wet silica gel,15 hydrogen peroxide and N-hydroxysuccinimide,16 nitric acid in the 

presence of supported phosphoric anhydride on silica gel under solvent free conditions,17 o-

iodoxybenzoic acid and tetraethylammonium bromide as a catalyst18 but their further reactions in 

the presence of acetic anhydride led all to minor yields of 7a-d (50-56%). By oxidation of 4a 

with 3-chloroperbenzoic acid, in his work, Hassner4a obtained unstable thiophene oxide which 

epimerized and partially decomposed on chromatography. 

 The new glycosides 7e-i were also prepared in moderate yield (54-60%) within a research 

program directed to the synthesis of thiophenes derivatives with polyhydroxylated alkyl side 

chains in position 2. Having a number of useful properties, which include chirality, rigidity, 

lipophilicity, hydrophilicity, and flexibility in one system, polyhydroxyalkyl thiophenes are quite 

interesting scaffolds to utilize in the synthesis of a variety of biologically interesting molecules. 

Our program is devoted to substitute the oxygen atom with the sulphur atom in furans derivatives 

with polyhydroxylated alkyl side chains, the biological properties of which are well known.19 

 Their synthesis was achieved starting from sugar nitroalkenes20 2e-i, obtained by the 

corresponding benzylated sugars and nitromethane and following the same above pathway for 

7a-d through 4e-i (60-76%) and 6e-i (68-74%), with a diastereomeric ratios 1.2:8.8, 1.4:8.6, for 

2f and 2g, and 2.2:7.8 and 1.6:8.4 for 2h and 2i, respectively. 

 In contrast with the 1:1 ratio of alkyl thiophenes 4a-c, it is noteworthy that the cyclizations 

of phenyl and sugar derivatives 3d-i led to mixtures of trans-cis diastereomers 4d-i, 1H NMR 

spectra of which showed the trans-diastereomer to be from 1.5 to 2.0 times the cis-diastereomer 

pointing out that steric factors play a determining role during the intramolecular cycloaddition. 

 The structures of the cyclised products 6a-i were established by their IR and 1H and 13C 

NMR spectral data. For instance, in the case of compound 6e, its 1H NMR spectrum shows the 

characteristic signals of 4-thiophene proton at 6.31 ppm and 3-methylene, benzyloxymethylene 

and benzylmethylene protons at 4.13, 4.91, and 4.33 ppm, respectively. The corresponding 

signals of carbons in its 13C NMR spectrum are found at 66.4, 64.2 and 73.7, respectively, 

together with the presence of four aromatic carbons of which C-7a carbon is at 149.7 ppm. The 
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IR spectroscopy was of great help for the identification of compounds 7, as they show a large 

broad absorption band included between 3400 and 3200 cm-1 for the amino and hydroxy groups, 

which appear as two broad signals in the regions 3.0-3.8 and 6.2-6.8 ppm in some of their 1H 

NMR spectra. 1H and 13C NMR spectra of compounds 7e-i maintain the characteristic signals of 

sugar groups. 

 

 

Conclusions    

 

In conclusion, within our researches on thionucleoside syntheses, we have performed the 

preparation of new 2-substituted 3-amino-4-hydroxymethylthiophenes 7a-i, which appears to be 

a convenient and useful alternative to the long known oximation and conversion by gaseous 

hydrochloric acid of the corresponding 4-alkoxycarbonyl analogues. It provides moderate global 

yields, which, however, somewhat decrease by conversion into chlorides, but it starts from easily 

accessible materials. 

 

 

Experimental Section     

 

General. All melting points are uncorrected. Elemental analyses were done on a C. Erba 1106 

elemental analyzer. IR spectra (CHCl3 solutions) were recorded on an FT-IR Perkin-Elmer RX-

1. 1H and 13C NMR spectra were recorded on a Varian VNMR 200 in the specified deuterated 

solvents. Chemical shifts are expressed in parts per million from internal tetramethylsilane (δ). 

Merck silica gel 60 (0.063 and 0.200 mm) was used for column chromatography and Merck 

precoated silica gel 60 F254 plates, 0.25 mm thickness, were used for analytical thin layer 

chromatography (TLC). Sugar compounds were detected with iodine vapours or 5% methanolic 

sulfuric acid spray followed by heating on a hot plate, while the other compounds were detected 

by UV 254 nm. 

 

Materials. O-Benzyl-D-sugar aldehydes 1e-i was prepared starting from the corresponding 

diethyl dithioacetals21 according to procedure described by López-Herrera and Sarabia-Garcia,22 

while sugar nitroalkenes according to procedure of Sowden.20 Unless otherwise stated, the other 

materials were obtained from commercial suppliers and used without further purification. All the 

solvents and reagents, if it was necessary, were made anhydrous according to literature 

procedures.23 The organic solutions obtained by extractive workup were washed with saturated 

brine, dried over anhydrous sodium sulfate, and evaporated concentrated to dryness with a rotary 

evaporator under reduced pressure. 

The identification of samples from different experiments was secured by superimposable IR 

spectra. Working with allylmercaptan, it required a good hood, but the purified β-nitrosulfides 

and their cyclized derivatives are practically odourless. 
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General procedure for the preparation of β-nitroalkyl sulfides (2a-i) 

A mixture of 1 mmol of nitroalkene 1a-i, 1.1 mmol of allyl mercaptan, and 0.1 mol of piperidine 

in 10 mL of THF was stirred for 1 h at 20 °C according to literature procedure.24 Heat evolved 

and the mixture was refluxed for 2 h (80 °C, oil bath). THF was added and the resulting solution 

was washed with dilute hydrochloric acid, water, and brine and finally it was dried (MgSO4). 

After evaporation of the solvent under reduced pressure, the oily residue was chromatographed 

on silica gel (eluant: cyclohexane:ether = 10:l) to give a diastereomeric mixture of β-nitroalkyl 

sulfides 2f, 2g, 2h and 2i, in the ratios 1.2:8.8, 1.4:8.6, 2.2:7.8 and 1.6:8.4, respectively, as it 

appeared from the integrations of the CH-S proton signals of the 1H NMR spectra performed on 

the corresponding crude reaction mixtures. The 1H NMR data, described below, report chemical 

shifts of major diastereomers, but their absolute stereochemistry was not determined because the 

final target molecules were aromatic. 

2-(Allylthio)-1-nitro-propane 2a, -butane 2b, -2-phenylethane 2c are known compounds and 

were prepared in 92, 90 and 94% yield, respectively, from the corresponding nitroalkenes.4a 

(R,S)-2-(Allylthio)-1-nitro-3-phenylpropane (2d). Colourless oil, yield 90%, IR (max cm-1): 

2250, 1490 (NO2). 
1H NMR (500 MHz, CD3CN), δH 2.85 (dd, 1H, J = 12.0, 5.0 Hz, CH2Ph), 

2.94 (dd, 1H, J = 12.0, 6.5 Hz, CH2Ph), 3.28 (1H, dd, J = 12.5, 7.3 Hz, CH2S), 3.31 (1H, dd, J = 

12.5, 7.3 Hz, CH2S), 3.54 (1H, m, CHS), 4.43 (dd, 1H, J = 12.5, 7.0 Hz, CH2NO2), 4.65 (dd, 1H, 

J = 12.5, 2.0 Hz, CH2NO2), 5.19 (1H, dd, J = 10.0, 1.5 Hz, =CH2), 5.21 (dd, 1H, J = 17.0, 1.5 

Hz, =CH2), 5.75 (1H, ddt, J = 17.0, 10.0, 7.3 Hz, =CH), 7.20-7.28 (5H, m, phenyl H). 13C NMR 

(50 MHz, CDCl3), δC 36.2, 40.1, 42.9, 79.5, 118.4, 125.5, 128.3, 129.5, 132.1, 136.4. Anal. 

Calcd. for C12H15NO2S (237.31): C, 60.73; H, 6.37; N, 5.90, Found: C, 60.77; H, 6.31; N, 5.08. 

(R,S)-2-(Allylthio)-3-benzyloxy-1-nitropropane (2e). Colourless oil, yield 89%, IR (max cm-1): 

2240, 1480 (NO2). 
1H NMR (500 MHz, CD3CN), δH 3.16 (1H, dd, J = 12.0, 7.5 Hz, CH2S), 3.18 

(1H, dd, J = 12.0, 7.5 Hz, CH2S), 3.42 (m, 1H, CHS), 3.50 (dd, 1H, J = 11.5, 5.0 Hz, CH2O), 

3.58 (dd, 1H, J = 11.5, 6.0 Hz, CH2O), 4.51 (s, 2H, CH2Ph), 4.38 (dd, 1H, J = 12.0, 6.0 Hz, 

CH2NO2), 4.45 (dd, 1H, J = 12.0, 9.0 Hz, CH2NO2), 5.17 (dd, 1H, J = 10.0, 1.6 Hz, =CH2), 5.22 

(1H, dd, J = 16.5, 1.6 Hz, =CH2), 5.69 (1H, ddt, J = 16.5, 10.0, 7.5 Hz, =CH), 7.24-7.37 (m, 5H, 

phenyl H). 13C NMR (50 MHz, CDCl3), δC 35.8, 42.1, 69.8, 77.4, 77.5, 116.4, 125.5, 127.3, 

128.5, 132.1, 137.4. Anal. Calcd. for C13H17NO3S (267.34): C, 58.40; H, 6.41; N, 5.24, Found: 

C, 58.47; H, 6.39; N, 5.31. 

Rac-2-(3R)-2-(Allylthio)-3,4-bis(benzyloxy)-1-nitrobutane (2f). Colourless oil, yield 87%, IR 

(max cm-1): 2260, 1490 (NO2). 
1H NMR (500 MHz, CD3CN), δH 3.21 (1H, dd, J = 12.5, 7.5 Hz, 

CH2S), 3.23 (1H, dd, J = 12.5, 7.5 Hz, CH2S), 3.31 (m, 1H, CHS), 3.43 (dd, 1H, J = 10.5, 7.5 

Hz, CH2O), 3.55 (dd, 1H, J = 10.5, 1.5 Hz, CH2O), 3.72 (ddd, 1H, J = 7.5, 5.5, 1.5 Hz, CHO), 

4.33 (dd, 1H, J = 12.0, 6.5 Hz, CH2NO2), 4.51 (dd, 1H, J = 12.0, 9.5 Hz, CH2NO2), 4.55-4.68 

(AB system, 2H, J = 11.5 Hz, OCH2Ph), 4.64-4.75 (AB system, 2H, J = 11.5 Hz, OCH2Ph), 5.16 

(dd, 1H, J = 10.5, 1.5 Hz, =CH2), 5.19 (dd, 1H, J = 16.5, 1.5 Hz, =CH2), 5.82 (ddt, 1H, J = 

16.5, 10.5, 7.5 Hz, =CH), 7.22-7.38 (m, 10H, phenyl H). 13C NMR (50 MHz, CDCl3), δC 36.3, 
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43.4, 69.8, 73.1, 73.2, 73.5, 76.2, 77.8, 81.9, 118.4, 126.7, 127.5, 127.8, 127.9, 128.1, 128.2, 

128.3, 128.6, 128.8, 132.5, 136.7, 137.9. Anal. Calcd. for C21H25NO4S (387.49): C, 65.09; H, 

6.50; N, 3.61, Found: C, 65.21; H, 6.59; N, 3.53. 

Rac-2-(3R,4R)-2-(Allylthio)-3,4,5-tris(benzyloxy)-1-nitropentane (2g). Colourless oil, yield 

88%, IR (max cm-1): 2240, 1470 (NO2). 
1H NMR (500 MHz, CD3CN), δH 3.34 (dd, 1H, J = 12.5, 

7.5 Hz, CH2S), 3.40 (dd, 1H, J = 12.5, 7.5, Hz, CH2S), 3.41 (m, 1H, CHS), 3.60 (dd, 1H, J = 6.5, 

6.0, Hz, SCHCH), 3.69 (dd, 1H, J = 10.5, 6.5 Hz, OCHCH2), 3.73 (dd, 1H, J = 10.5, 2.5 Hz, 

OCHCH2), 4.11 (ddd, 1H, J = 7.0, 6.5, 2.5 Hz, OCHCH2), 4.36 (dd, 1H, J = 13.0, 5.5, Hz, 

CH2NO2), 4.51-4.54 (AB system, 2H, J = 11.5 Hz, OCH2Ph), 4.59 (dd, 1H, J = 10.0, 5.5, Hz, 

CH2NO2), 4.61-4.77 (AB system, 2H, J = 11.5 Hz, OCH2Ph), 4.68-5.74 (AB system, 2H, J = 

12.0 Hz, OCH2Ph), 5.17 (dd, 1H, J = 15.5, 1.5 Hz, =CH2), 5.21 (dd, 1H, J = 9.5, 1.5 Hz, =CH2), 

5.87 (ddt, 1H, J = 15.5, 9.5, 7.5 Hz, =CH), 7.23-7.37 (m, 15H, phenyl H). 13C NMR (50 MHz, 

CDCl3), δC 36.2, 44.0, 72.7, 73.4, 73.9, 76.7, 78.4, 118.4, 127.1, 127.3, 127.8, 128.0,128.3, 

128.7, 132.7, 136.6, 138.9, 139.1. Anal. Calcd. for C29H33NO5S (507.64): C, 68.61; H, 6.55; N, 

2.76, Found: C, 68.67; H, 6.58; N, 2.73. 

Rac-2-(3S,4S,5S)-2-Allyl-3,4,5,6-tetrakis(benzyloxy)-1-nitrohexane (2h). Colourless oil, yield 

84%, IR (max cm-1): 2250, 1490 (NO2). 
1H NMR (500 MHz, CD3CN), δH 3.31 (dd, 1H, J = 12.0, 

7.0 Hz, CH2S), 3.39 (m, 1H, CHS), 3.43 (dd, 1H, J = 12.0, 7.0 Hz, CH2S), 3.61 (dd, 1H, J = 

10.5, 4.5 Hz, OCHCH2), 3.72 (dd, 1H, J = 10.5, 4.5 Hz, OCHCH2), 3.79 (dd, 1H, J = 6.5, 4.5 

SCHCH), 3.88 (dd, 1H, J = 6.0, 4.5 Hz OCHCH2), 4.28 (dd, 1H, J = 6.0, 4.5 Hz, OCHCH), 4.37 

(dd, 1H, J = 12.5, 5.5 Hz, CH2NO2), 4.41-4.62 (AB system, 2H, J = 11.5 Hz, OCH2Ph), 4.48 (dd, 

1H, J = 10.0, 5.5 Hz, CH2NO2), 4.56-4.58 (AB system, 2H, J = 11.5 Hz, OCH2Ph), 4.59-4.71 

(AB system, 2H, J = 11.5 Hz, OCH2Ph), 4.61-4.69 (AB system, 2H, J = 11.5 Hz, OCH2Ph), 5.15 

(dd, 1H, J = 14.5, 1.5 Hz, =CH2), 5.23 (dd, 1H, J = 9.5, 1.5 Hz, =CH2), 5.81 (ddt, 1H, J = 14.5, 

9.5, 7.0 Hz, =CH), 7.21-7.36 (m, 20H, phenyl H). 13C NMR (50 MHz, CDCl3), δC 36.2, 44.0, 

69.7, 72.0, 73.3, 73.4, 74.3, 77.6, 78.6, 118.4, 127.1, 127.3, 127.7, 128.0, 128.1, 128.2, 128.3, 

128.4, 136.6, 137.3, 137.7, 138.2. Anal. Calcd. for C37H41NO6S (627.79): C, 70.79; H, 5.68; N, 

2.23, Found: C, 70.67; H, 5.61; N, 2.33. 

Rac-2-(3R,4S,5R,6R)-2-Allyl-3,4,5,6,7-pentakis(benzyloxy)-1-nitroheptane (2i). Colourless 

oil, yield 84%, IR (max cm-1): 2280, 1460 (NO2). 
1H NMR (500 MHz, CD3CN), δH 3.36 (dd, 1H, 

J = 12.5, 7.0, Hz, CH2S), 3.41 (m, 1H, CHS), 3.46 (dd, 1H, J = 12.5, 7.0 Hz, CH2S), 3.55 (dd, 

1H, J = 10.5, 4.5 Hz, OCHCH2), 3.68 (dd, 1H, J = 10.5, 4.5 Hz, OCHCH2), 3.71 (dd, 1H, J = 

4.5, 6.5 Hz, SCHCH), 3.80 (dd, 1H, J = 6.0, 4.5 Hz, OCHCH2), 4.04 (dd, 1H, J = 6.0, 4.5 Hz, 

CHCHCH), 4.11 (dd, 1H, J = 6.0, 4.5 Hz, OCHCH), 4.36 (dd, 1H, J = 12.5, 5.5 Hz, CH2NO2), 

4.38-4.52 (AB system, 2H, J = 11.5 Hz, OCH2Ph), 4.41 (dd, 1H, J = 10.0, 5.5 Hz, CH2NO2), 

4.46-4.78 (AB system, 2H, J = 11.5 Hz, OCH2Ph), 4.51-4.68 (AB system, 2H, J = 11.5 Hz, 

OCH2Ph), 4.57-4.63 (AB system, 2H, J = 11.5 Hz, OCH2Ph), 4.59-4.69 (AB system, 2H, J = 

11.5 Hz, OCH2Ph), 5.11 (dd, 1H, J = 15.0, 1.5 Hz, =CH2), 5.21 (dd, 1H, J = 9.0, 1.5 Hz, =CH2), 

5.83 (ddt, 1H, J = 15.0, 9.0, 7.0 Hz, =CH), 7.23-7.37 (m, 25H, phenyl H). 13C NMR (50 MHz, 

CDCl3), δC 36.2, 44.0, 69.7, 71.6, 72.0, 73.0, 73.6, 74.2, 77.6, 78.1, 80.1, 80.6, 118.4, 127.1, 
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127.4, 127.5, 127.7, 128.6, 127.9, 128.0, 128.1, 128,2, 128.5, 136.9, 137.5, 137.7, 138.1, 138.4. 

Anal. Calcd. for C45H49NO7S (747.93): C, 72.26; H, 6.60; N, 1.87, Found: C, 72.34; H, 6.65; N, 

1.83. 

 

General procedure for the generation of nitrile oxides (3a-i) from β-nitroalkyl sulfides and 

their intramolecular cycloadditions to 3,3a,4,6-tetrahydrothieno[3,4-c]isoxazoles (4a-i) 

To a solution of β-nitroalkyl sulfides (2 mmol) in 10 ml of dry toluene, containing a few drops of 

trietylamine, phenyl isocyanate (6 mmol) was added. The resulting solution was allowed to stand 

at room temperature for 3 days. Diphenylurea was filtered and the solvent was removed under 

reduced pressure. The obtained residue was chromatographed over silica gel (eluent: petroleum 

ether:ether = 2:1) to yield a nearly 1:1 mixture of diastereomers which were not separated 

because the target molecules were aromatic. 

6-Methyl- (4a), 6-ethyl- (4b), and 6-phenyl-3,4-dihydro-3H,6H-thieno[3,4-c]isoxazole (4c) 

are known products4a and were prepared in 80, 74, and 68% yield, respectively, from the 

corresponding β-nitroalkyl sulfides (2a-c). 

Rac-6-benzyl-3a,4-dihydro-3H,6H-thieno[3,4-c]isoxazole (4d). Colourless oil, yield 72%. 1H 

NMR (200 MHz, CDCl3), δH 2.87 (ddd, 1H, J = 5.0, 9.0, 12.0 Hz, CH2Ph), 3.52 (m, 2H, 

CH2CHCH2), 3.64 (m, 2H, SCH2), 4.23 (dd, 1H, J = 5.0, 9.0 Hz, CH2CHS), 4.29-4.36 (AB 

system, 2H, JAB = 11.5 Hz, OCH2), 7.18-7.27 (5H, m, phenyl H). 13C NMR (50 MHz, CDCl3), δC 

32.4, 36.5, 49.0, 58.9, 74.6, 125.8, 128.1, 129.5, 137.3, 157.7. Anal. Calcd. for C12H13NOS 

(219.30): C, 65.72; H, 5.97; N, 6.39, Found: C, 65.77; H, 5.91; N, 6.38. 

Rac-6-[(benzyloxy)methyl]-3a,4-dihydro-3H,6H-thieno[3,4-c]isoxazole (4e). Colourless oil, 

yield 74%. 1H NMR (200 MHz, CDCl3), δH 3.43 (m, 3H, SCH2CH), 3.58 (dd, 2H, J = 2.5, 7.0 

Hz, SCHCH2), 4.34 (m, 2H, NOCH2), 4.69 (m, 2H, CH2Ph), 4.70 (dd, 1H, J = 2.5, 7.0 Hz, 

CH2CHS), 7.22-7.32 (m, 5H, phenyl H). 13C NMR (50 MHz, CDCl3), δC 32.4, 36.5, 49.0, 58.9, 

74.6, 125.8, 128.1, 129.5, 137.3, 157.7. Anal. Calcd. for C13H15NOS (249.32): C, 62.62; H, 6.06; 

N, 5.63, Found: C, 62.67; H, 6.01; N, 5.68. 

Rac-6-[(1R)-1,2-bis(benzyloxy)ethyl]-3a,4-dihydro-3H,6H-thieno[3,4-c]isoxazole (4f). 

Colourless oil, yield 70%. 1H NMR (200 MHz, CDCl3), δH 3.44-3.60 (AB system, 2H, J = 11.5 

Hz CH2CHCH), 3.49 (m, 3H, SCH2CH), 3.65 (m, 1H, CH2CHCH), 4.40 (m, 2H, NOCH2), 4.50 

(s, 2H, CH2OCH2Ph), 4.81 (d, 1H, J = 5.5 Hz, CHS), 5.02-5.12 (AB system, 2H, JAB = 11.5 Hz, 

PhCH2OCH), 7.18-7.34 (m, 10H, phenyl H). 13C NMR (50 MHz, CDCl3), δC 28.3, 50.0, 58.8, 

39.1, 72.9, 73.0, 79.6, 127.2, 127.5, 127.8, 128.1, 128.5, 128.8, 137.7, 137.4, 156.0. Anal. Calcd. 

for C21H23NO3S (369.47): C, 68.27; H, 6.27; N, 3.79, Found: C, 68.31; H, 6.21; N, 3.71. 

Rac-6-[(1R,2R)-1,2,3-tris(benzyloxy)propyl]-3a,4-dihydro-3H,6H-thieno[3,4-c]isoxazole 

(4g). Colourless oil, yield 70%. 1H NMR (200 MHz, CDCl3), δH 3.45 (m, 3H, SCH2CH), 3.55 

(m, 1H, SCHCH), 3.84 (m, 2H, BnOCH2CH), 4.10 (m, 1H, CH2CHCH), 4.30 (m, 1H, NOCH2), 

4.37 (m, 1H, NOCH2), 4.70 (s, 2H, CH2OCH2Ph), 4.75 (d, 1H, J = 5.5 Hz, CHS), 4.86-4.96 (AB 

system, 2H, J = 11.5 Hz, PhCH2OCH), 5.05-5.15 (AB system, 2H, J = 11.5 Hz, PhCH2OCH), 

7.15-7.31 (m, 15H, phenyl H). 13C NMR (50 MHz, CDCl3), δC 28.1, 49.0, 57.7, 70.8, 71.9, 73.3, 
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73.7, 73.9, 81.3, 127.0, 127.5, 127.8, 128.1, 128.3, 128.6, 128.8, 137.5, 138.8, 157.3. Anal. 

Calcd. for C29H31NO4S (489.62): C, 71.14; H, 6.38; N, 2.86, Found: C, 71.11; H, 6.36; N, 2.81. 

Rac-6-[(1R,2S,3S)-1,2,3,4-tetrakis(benzyloxy)butyl]-3a,4-dihydro-3H,6H-thieno[3,4-

c]isoxazole (4h). Colourless oil, yield 64%. 1H NMR (200 MHz, CDCl3), δH 3.48 (m, 3H, 

SCH2CH), 3.74 (m, 3H, BnOCH2CHCHCH), 3.91 (m, 1H, CH), 4.29 (m, 1H, NOCH2), 4.36 (m, 

1H, NOCH2), 4.41 (dd, 1H, J = 4.0, 6.5 Hz, CHCHCH), 4.68 (s, 2H, CH2OCH2Ph), 4.72 (d, 1H, 

J = 5.5 Hz, CHS), 4.89-4.99 (AB system, 2H, J = 11.5 Hz, PhCH2OCH), 4.94-5.04 (AB system, 

2H, J = 11.5 Hz, PhCH2OCH), 5.07-5.17 (AB system, 2H, J = 11.5 Hz, PhCH2OCH), 7.14-7.30 

(m, 20H, phenyl H). 13C NMR (50 MHz, CDCl3), δC 27.9, 49.5, 68.8, 57.4, 71.9, 73.4, 73.5, 

73.7, 77.2, 80.4, 80.5, 127.3, 127.4, 127.5, 127.9, 128.1, 128.3, 128.8, 129.1, 137.4, 137.8, 138.1, 

138.2, 156.6. Anal. Calcd. for C37H39NO5S (609.77): C, 72.88; H, 6.45; N, 2.30, Found: C, 72. 

92; H, 6.41; N, 2.27. 

Rac-6-[(1R,2S,3R,4R)-1,2,3,4,5-pentakis(benzyloxy)pentyl]-3a,4-dihydro-3H,6H-thieno[3,4-

c]isoxazole (4i). Colourless oil, yield 60%. 1H NMR (200 MHz, CDCl3), δH 3.42-3.52 (m, 3H, 

SCH2CH), 3.73 (dd, 1H, J = 3.5, 5.5 Hz, SCHCHO), 3.77 (m, 1H, CH), 3.82 (m, 2H, BnOCH2), 

4.15 (dd, 1H, J = 2.5, 5.5 Hz, CH2CHCHCH), 4.28-4.35 (m, 2H, NOCH2), 4.41 (m, 1H, 

CHOBn), 4.76 (d, 1H, J = 5.5 Hz, CHS), 4.82-4.87 (AB system, 2H, J = 11.5 Hz, PhCH2OCH2), 

4.91-5.01 (AB system, 2H, J = 11.5 Hz, PhCH2OCH), 4.95-5.05 (AB system, 2H, J = 11.5 Hz, 

PhCH2OCH), 4.97-5.07 (AB system, 2H, J = 11.5 Hz, PhCH2OCH), 5.06-5.16 (AB system, 2H, 

J = 11.5 Hz, PhCH2OCH), 7.11-7.32 (m, 25H, phenyl H). 13C NMR (50 MHz, CDCl3), δC 28.1, 

48.7, 56.4, 69.4, 71.8, 72.0, 72.9, 73.1, 73.3, 73.7, 79.8, 79.9, 80.6, 127.4, 127.7, 127.8, 127.9, 

128.0, 128.4, 128.7, 129.0, 129.1, 137.4, 137.7, 137.8, 137.9, 138.1, 158.0. Anal. Calcd. for 

C45H47NO6S (729.92): C, 74.05; H, 6.49; N, 1.92, Found: C, 74. 12; H, 6.41; N, 1.97. 

 

General procedure for the oxidation of 3a,4,-tetrahydro-3H,6H-thieno[3,4-c]isoxazoles (4a-

i) with periodic acid in the presence of ferric chloride7 and then treatment with acetic 

anhydride under the Pummerer conditions 

To a stirred solution of 3a,4,-tetrahydro-3H,6H-thieno[3,4-c]isoxazoles 4a-i (1 mmol) and ferric 

chloride (0.03 mmol) in 3 ml of acetonitrile, periodic acid (1.2 mmol) in 2 ml of acetonitrile was 

added. After completion, the reaction mixture was evaporated to give a residue which was 

quenched by addition of a saturated aqueous solution of sodium thiosulfate and extracted with 

dichloromethane (4 x 3 ml). The dichloromethane extracts were washed with water, dried over 

magnesium sulfate, and evaporated to give a residue, which was treated with acetic anhydride (5 

ml) at 100°C for one h. The reaction mixture was cooled at r. t. and then quenched by addition of 

ice. The separated layers was washed with saturated aqueous sodium bicarbonate followed by 

brine. The acetate layer was dried and evaporated in vacuum to give a residue which was 

chromatographed on column by using cyclohexane : ethyl acetate = 2:1 as eluant to give 1,3-

dihydrothieno[3,4-c]isoxazoles 6a-i. 

6-Methyl-1H,3H-thieno[3,4-c]isoxazole (6a). Colourless oil, yield 75%. 1H NMR (200 MHz, 

CDCl3), δH 1.92 (s, 3H, CH3), 4.86 (s, 2H, OCH2), 6.28 (s, 1H, H4), 10.15 (s, 1H, NH). 13C 
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NMR (50 MHz, CDCl3), δC 12.6, 67.9, 114.5, 123.1, 125.5, 149.1. Anal. Calcd. for C6H7NOS 

(141.19): C, 51.04; H, 5.00; N, 9.92, Found: C, 51.11; H, 5.01; N, 9.98. 

6-Ethyl-1H,3H-thieno[3,4-c]isoxazole (6b). Colourless oil, yield 72%. 1H NMR (200 MHz, 

CDCl3), δH 1.32 (t, 3H, J = 7.5 Hz, CH3), 2.87 (q, 2H, J = 7.5, 12.0 Hz, CH2), 4.98 (s, 2H, 

H3a,b), 6.30 (s, 1H, H4), 10.20 (s, 1H, NH). 13C NMR (50 MHz, CDCl3), δC 15.9, 21.3, 69.7, 

112.7, 114.0, 123.9, 149.4. Anal. Calcd. for C7H9NOS (155.21): C, 54.17; H, 5.84; N, 9.02, 

Found: C, 54.21; H, 5.81; N, 9.08. 

6-Phenyl-1H,3H-thieno[3,4-c]isoxazole (6c). Colourless oil, yield 75%. 1H NMR (200 MHz, 

CDCl3), δH 4.75 (s, 2H, H3), 6.41 (s, 1H, H4), 7.26-7.30 (m, 5H, phenyl H), 10.01 (s, 1H, NH). 
13C NMR (50 MHz, CDCl3), δC 68.3, 115.3, 119.0, 122.6, 126.4, 127.8, 128.1, 133.8, 145.7. 

Anal. Calcd. for C11H9NOS (203.26): C, 65.00; H, 4.46; N, 6.89, Found: C, 65.08; H, 4.41; N, 

6.91. 

6-Benzyl-1H,3H-thieno[3,4-c]isoxazole (6d). Colourless oil, yield 70%. 1H NMR (200 MHz, 

CDCl3), δH 3.71 (s, 2H, CH2Ph), 4.79 (s, 2H, H3a,b), 6.17 (s, 1H, =CH), 7.21-7.30 (m, 5H, 

phenyl H), 9.89 (s, 1H, NH). 13C NMR (50 MHz, CDCl3), δC 149.7, 140.7, 31.6, 66.4, 114.7, 

121.4, 125.8, 126.2, 128.7, 129.7. Anal. Calcd. for C12H11NOS (217.28): C, 66.33; H, 5.20; N, 

6.05, Found: C, 66.28; H, 5.11; N, 6.08. 

6-[(Benzyloxy)methyl]-1H,3H-thieno[3,4-c]isoxazole (6e). Colourless oil, yield 74%. 1H NMR 

(200 MHz, CDCl3), δH 4.13 (s, 2H, OCH2), 4.33 (s, 2H, CH2Ph), 4.91 (s, 2H, OCH2-het), 6.31 (s, 

1H, SCH), 7.21-7.30 (m, 5H, phenyl H), 9.90 (s, 1H, NH). 13C NMR (50 MHz, CDCl3), δC 64.2, 

66.4, 73.7, 114.7, 121.4, 122.3, 125.8, 126.2, 128.7, 129.7, 139.7, 149.7. Anal. Calcd. for 

C13H13NO2S (247.31): C, 63.13; H, 5.30; N, 5.66, Found: C, 63.18; H, 5.31; N, 5.68. 

6-[(1R)-1,2-bis(benzyloxy)ethyl]-1H,3H-thieno[3,4-c]isoxazole (6f). Colourless oil, yield 72%. 
1H NMR (200 MHz, CDCl3), δH 3.53 (m, 2H, OCH2CHO), 4.36-4.53 (AB system, 2H, J = 11.5 

Hz, PhCH2OCH), 4.66 (s, 2H, PhCH2), 4.86 (s, 2H, OCH2), 4.98 (m, 1H, =CCHO), 6.39 (s, 1H, 

=CCH), 7.25-7.38 (m, 10H, phenyl H), 9.98 (s, 1H, NH). 13C NMR (50 MHz, CDCl3), δC 66.6, 

70.4, 72.4, 74.2, 75.7, 114.5, 124.1, 125.3, 126.0, 125.5, 127.7, 128.4, 128.7, 136.9, 138.2, 149.1. 

Anal. Calcd. for C21H21NO3S (367.46): C, 68.64; H, 5.76; N, 3.81, Found: C, 68.63; H, 5.78; N, 

3.83. 

6-[(1R,2R)-1,2,3-Tris(benzyloxy)propyl]-1H,3H-thieno[3,4-c]isoxazole (6g). Colourless oil, 

yield 73%. 1H NMR (200 MHz, CDCl3), δH 3.51 (m, 2H, OCH2CHO), 4.09 (m, 1H, CH2CHCH), 

4.52-4.56 (AB system, 2H, J = 11.5 Hz, PhCH2OCH), 4.58 (s, 2H, PhCH2OCH2), 4.60-4.70 (AB 

system, 2H, J = 11.5 Hz, PhCH2OCH), 4.71 (s, 2H, OCH2), 4.70 (m, 1H, =CCHO), 6.27 (s, 1H, 

=CCH), 7.37-7.22 (m, 15H, phenyl H), 9.65 (s, 1H, NH). 13C NMR (50 MHz, CDCl3), δC 66.4, 

66.8, 70.3, 73.1, 74.0, 76.4, 81.2, 115.5, 123.1, 124.5, 126.0, 127.5, 127.8, 127.9, 128.1, 128.4, 

128.6, 128.7, 137.3, 137.6, 138.4, 148.8. Anal. Calcd. for C29H29NO4S (487.60): C, 71.43; H, 

5.39; N, 2.87, Found: C, 71.48; H, 5.41; N, 2.89. 

6-[(1S,2R,3R)-1,2,3,4-Tetrakis(benzyloxy)butyl]-1H,3H-thieno[3,4-c]isoxazole (6h). 

Colourless oil, yield 70%. 1H NMR (200 MHz, CDCl3), δH 3.70 (m, 2H, OCH2CHO), 3.91 (m, 

1H, OCH2CH), 3.98 (m, 1H, CHCHCH), 4.11 (m, 1H, CHCHCH), 4.42-4.58 (AB system, 2H, J 
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= 11.5 Hz, PhCH2OCH), 4.49-4.51 (AB system, 2H, J = 10.5 Hz, PhCH2OCH2), 4.59 (s, 2H, 

PhCH2OCH2), 4.61-4.69 (AB system, 2H, J = 11.5 Hz, PhCH2OCH), 4.70 (m, 1H, =CCHO), 

4.85 (s, 2H, OCH2), 6.40 (s, 1H, =CCH), 7.20-7.37 (m, 20H, phenyl H), 9.45 (s, 1H, NH). 13C 

NMR (50 MHz, CDCl3), δC 66.4, 69.8, 70.4, 73.2, 73.5, 73.6, 75.5, 78.5, 82.4, 113.8, 124.0, 

124.2, 126.0, 127.4, 127.8, 127.9, 128.2, 128.3, 128.4, 128.6, 128.7, 137.4, 137.5, 137.7, 138.0, 

149.3. Anal. Calcd. for C37H37NO5S (607.76): C, 73.12; H, 6.14; N, 2.30, Found: C, 73.18; H, 

6.13; N, 2.28. 

6-[(1S,2R,3S,4S)-1,2,3,4,5-Pentakis(benzyloxy)pentyl]-1H,3H-thieno[3,4-c]isoxazole (6i). 

Colourless oil, yield 68%. 1H NMR (200 MHz, CDCl3), δH 3.67 (m, 2H, OCH2CHO), 3.83 (m, 

1H, OCH2CH), 3.90 (m, 1H, CHCHCH), 4.03 (m, 1H, CHCHCH), 4.32 (m, 1H, CHCHCH), 

4.47 (s, 2H, PhCH2OCH2), 4.39-4.46 (AB system, 2H, J = 10.5 Hz, PhCH2OCH), 4.53-4.48 (AB 

system, 2H, J = 10.5 Hz, PhCH2OCH), 4.60-4.47 (AB system, 2H, J = 11.0 Hz, PhCH2OCH), 

4.51-4.71 (AB system, 2H, J = 10.5 Hz, PhCH2OCH), 4.87 (s, 2H, OCH2), 5.02 (m, 1H, 

=CCHO), 5.91 (s, 1H, =CCH), 7.20-7.36 (m, 25H, phenyl H), 9.32 (s, 1H, NH). 13C NMR (50 

MHz, CDCl3), δC 66.4, 68.7, 70.2, 73.1, 73.2, 74.4, 75.7, 78.8, 78.9, 81.7, 113.6, 123.9, 124.0, 

127.2, 127.7, 127.8, 127.9, 128.1, 128.2, 128.3, 128.4, 128.6, 128.7, 136.9, 137.4, 137.9, 138.1, 

138.8, 147.5. Anal. Calcd. for C45H45NO6S (727.90): C, 74.25; H, 6.23; N, 1.92%, Found: C, 

74.28; H, 6.21; N, 1.95%. 

 

General procedure for the reducing ring opening of isoxazolidine moiety of (6a-i) to give 

aminoalcohols (7a-i) 

To a solution of 1H,3H-thieno[3,4-c]isoxazoles 6a-i (2 mmol) in 10 ml of anhydrous THF, 

lithium aluminium hydride (4 mmol), suspended in 10 ml of the same solvent (anhydrous THF), 

was added dropwise at room temperature. The mixture was refluxed for 2 h after the addition 

was complete, cooled and quenched by dropwise addition of 10 ml of concentrated Na2SO4 

solution. The mixture was then extracted with CHCl3 and organic extracts were combined and 

dried over MgSO4. After filtration, the removal of solvent under reduced pressure gave crude 

aminoalcohols which were initially crystallized from ethanol. However, the yields were low (50-

56%) due to their apparent instability, and therefore, they were not directly purified, but 

dissolved in absolute alcohol and the resulting solution added of gaseous hydrogen chloride. By 

addition of absolute ether a initial crop (25-28%) of the corresponding chlorides precipitated and 

after standing one more day the filtrate deposited an additional 24-26% (total 49-54%) of 

product.  

(4-Amino-5-methyl-3-thienyl)methanol (7a).10 Colourless crystals, mp 72-74 °C, yield 55%, 

IR (max cm-1): 3360, 2930, 2850. 1H NMR (200 MHz, CDCl3), δH 2.21 (s, 3H, CH3), 4.25 (bs, 

1H, OH), 4.37 (d, 2H, J = 6.5, CH2OH), 6.38 (s, 1H, H-2). 13C NMR (50 MHz, CDCl3), δC: 11.1, 

60.4, 115.4, 126.2, 126.3, 146.0. Anal. Calcd. for C6H9NOS (143,20): C, 50.32, H, 6.33, N, 

9.78%, Found: C, 50.36; H, 6.31; N, 9. 18%. 



Issue in Honor of Prof. Heinz Heimgartner  ARKIVOC 2011 (vi) 270-285 

 Page 282 ©ARKAT-USA, Inc. 

(4-Amino-5-methyl-3-thienyl)methanol hydrochloride. Colourless crystals, mp 174-175 °C. 

Anal. Calcd. for C6H9NOS·HCl (179.66): C, 40.11; H, 5.61; N, 7.80, Found: C, 40.14; H, 5.63; 

N, 7.84. 

(4-Amino-5-ethyl-3-thienyl)methanol (7b). Colourless crystals, mp 69-71°C, yield 58%, IR 

(max cm-1): 3370, 2930, 2850. 1H NMR (200 MHz, CDCl3), δH 1.27 (t, 3H, J = 7.5 Hz, CH3), 

2.64 (q, 2H, J = 7.5, 12.0 Hz, CH2), 4.29 (s, 2H, CH2OH), 5.31 (bs, 2H, NH2), 6.29 (s, 1H, 

=CH). 13C NMR (50 MHz, CDCl3), δC 16.36, 20.49, 60.17, 113.66, 117.21, 124.59, 146.33. 

Anal. Calcd. for C7H11NOS (157.23): C, 53.47%; H, 7.05%; N, 8.91%, Found: C, 53.51%; H, 

7.01%; N,8.98%. 

(4-Amino-5-ethyl-3-thienyl)methanol hydrochloride. Colourless crystals mp 168-170°C Anal. 

Calcd. for C7H11NOS·HCl (193.69): C, 43.41; H, 6.24; N, 7.23%, Found: C, 43.44; H, 6.22; N, 

7.27%. 

(4-Amino-5-phenyl-3-thienyl)methanol (7c). Colourless crystals, 80-82°C, yield 62%, IR (max 

cm-1): 3365, 2920, 2860. 1H NMR (200 MHz, CDCl3), δH 4.35 (d, 2H, J = 13.0 Hz, CH2OH), 

5.31 (bs, 2H, NH2), 6.27 (s, 1H, =CH), 7.31-7.28 (m, 5H, phenyl H). 13C NMR (50 MHz, 

CDCl3), δC 145.4, 133.7, 129.1, 127.9, 127.1, 125.8, 117.5, 116.0, 61.3, 116.06, 125.82, 127.15, 

127.62, 128.37, 129.15, 133.68, 145.45. Anal. Calcd. for C11H10NOS (205.27): C, 64.36; H, 

5.40; N, 6.82, Found: C,64.38; H, 5.42; N, 6.88. 

(4-Amino-5-phenyl-3-thienyl)methanol hydrochloride. Colourless crystals, mp 178-180 °C. 

Anal. Calcd. for C11H10NOS·HCl (241.73): C, 54.65%; H, 5.00%; N, 5.79%. Found: C, 54.70%; 

H, 5.04%; N, 5.73%. 

(4-Amino-5-benzyl-3-thienyl)methanol (7d). Colourless crystals, mp 76-77 °C, yield 60%, IR 

(max cm-1): 3380, 2915, 2870. 1H NMR (200 MHz, CDCl3), δH 7.30-7.21 (m, 5H, phenyl H), 

6.23 (s, 1H, =CH), 5.31 (bs, 2H, NH2), 4.24 (s, 2H, CH2OH), 3.68 (s, 2H, CH2Ph). 13C NMR (50 

MHz, CDCl3), δC 30.81, 60.46, 115.58, 124.60, 126.51, 126.25, 128.68, 130.08, 140.89, 146.68. 

Anal. Calcd. for C12H13NOS (219.30): C, 65.72%; H, 5.97%; N, 6.39%, Found: C, 65.78%; H, 

5.92%; N, 6.32%.  

(4-Amino-5-benzyl-3-thienyl)methanol hydrochloride. Colourless crystals, mp 175-177°C. 

Anal. Calcd. for C12H13NOS·HCl (255.76): C, 56.35%; H, 5.52%; N, 5.48%. Found: C, 56.39%; 

H, 5.54%; N, 5.47%. 

{4-Amino-5-[(benzyloxy)methyl]-3-thienyl}methanol (7e). Amorfous solid, yield 60%, IR 

(max cm-1) 3370, 2930, 2855. 1H NMR (200 MHz, CDCl3), δH 4.50 (d, 2H, J = 13.0 Hz, 

CH2OH), 4.52 (m, 2H, =CCH2), 4.56 (AB system, 2H, J =12.0 Hz, CH2Ph), 5.29 (bs, 2H, NH2), 

6.36 (s, 1H, =CH), 7.33-7.29 (m, 5H, phenyl H). 13C NMR (50 MHz, CDCl3), δC 145.6, 137.8, 

128.4, 128.3, 127.5, 126.2, 125.2, 115.3, 73.3, 63.4, 60.2. Anal. Calcd. for C13H15NO2S (249.32): 

C, 62.62; H, 6.06; N, 5.62, Found: C, 62.68; H, 6.63; N, 5.68. 

{4-Amino-5-[(1R)-1,2-bis(benzyloxy)ethyl]-3-thienyl}methanol (7f). Colourless oil, yield 

58%. 1H NMR (200 MHz, CDCl3), δH 3.52 (m, 2H, OCH2CHO), 4.32 (s, 2H, CH2OH), 4.34-

4.52 (AB system, 2H, J = 11.5 Hz, PhCH2OCH), 4.65 (AB system, 2H, J = 11.5 Hz, 

PhCH2OCH), 4.93 (m, 1H, =CCHO), 5.31 (bs, 2H, NH2), 6.25 (s, 1H, =CCH), 7.24-7.37 (m, 
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10H, phenyl H). 13C NMR (50 MHz, CDCl3), δC 146.1, 138.3, 136.9, 128.9, 128.3, 127.6, 127.2, 

126.9, 126.0, 125.9, 114.7, 75.7, 74.2, 72.4, 69.9, 60.2. Anal. Calcd. for C21H23NO3S (369.47): 

C, 68.27; H, 6.27; N, 3.79, Found: C, 68.31; H, 6.23; N, 3.78. 

{4-Amino-5-[(1R,2R)-1,2,3-tris(benzyloxy)propyl]-3-thienyl}methanol (7g). Colourless oil, 

yield 55%. 1H NMR (200 MHz, CDCl3), δH 3.52 (m, 2H, OCH2CHO), 4.05 (m, 1H, CHCHCH2), 

4.30 (s, 2H, CH2OH), 4.35-4.25 (AB system, 2H, J = 11.5 Hz, PhCH2OCH), 4.40-4.57 (AB 

system, 2H, J = 11.5 Hz, PhCH2OCH), 4.65-4.75 (AB system, 2H, J = 11.5 Hz, PhCH2OCH), 

4.91 (m, 1H, =CCHO), 5.31 (bs, 2H, NH2), 6.24 (s, 1H, =CCH), 7.24-7.37 (m, 15H, phenyl H). 
13C NMR (50 MHz, CDCl3), δC 145.8, 138.5, 137.7, 137.4, 128.7, 128.6, 128.4, 127.8, 127.7, 

126.5, 126.2, 125.7, 114.4, 81.5, 76.5, 74.1, 73.1, 69.8, 66.5, 60.1. Anal. Calcd. for C29H31NO4S 

(489.62): C, 71.14; H, 6.38; N, 2.86, Found: C, 71.19; H, 6.34; N, 2.83. 

{4-Amino-5-[(1S,2R,3R)-1,2,3,4-tetrakis(benzyloxy)butyl]-3-thienyl}methanol (7h). 

Colourless oil, yield 54%. 1H NMR (200 MHz, CDCl3), δH 3.97 (m, 1H, CHCHCH), 4.11 (m, 

1H, CHCHCH), 4.28 (s, 2H, CH2OH), 4.39-4.51 (AB system, 2H, J = 11.5 Hz, PhCH2OCH), 

4.54 (m, 1H, =CCHO), 4.46-4.61 (AB system, 2H, J = 11.5 Hz, PhCH2OCH), 4.60-4.69 (AB 

system, 2H, J = 11.5 Hz, PhCH2OCH), 4.51 (s, 2H, PhCH2OCH2), 4.78 (s, 2H, OCH2), 5.03 (m, 

1H, =CCHO), 5.35 (bs, 2H, NH2), 6.25 (s, 1H, =CCH), 7.23-7.37 (m, 20H, phenyl H). 13C NMR 

(50 MHz, CDCl3), δC 145.3, 138.80, 137.8, 137.5, 137.1, 128.7, 128.6, 128.3, 128.2, 128.1, 

127.9, 127.8, 127.6, 127.4, 125.9, 114.7, 82.7, 80.1, 77.7, 75.6, 74.7, 73.5, 72.7, 70.1, 69.7, 60.1. 

Anal. Calcd. for C37H39NO5S (609.25): C, 72.88; H, 6.45; N, 2.30, Found: C, 72.81; H, 6.41; N, 

2.27. 

{4-amino-5-[(1S,2R,3S,4S)-1,2,3,4,5-pentakis(benzyloxy)pentyl]-3-thienyl}methanol (7i). 

Colourless oil, yield 54%. 1H NMR (200 MHz, CDCl3), δH 3.64 (m, 2H, OCH2CHO), 3.85 (m, 

1H, OCH2CH), 3.98 (m, 1H, CHCHCH), 4.21 (m, 1H, CHCHCH), 4.30 (m, 2H, CH2HO), 4.32 

(m, 1H, CHCHCH), 4.47 (s, 2H, PhCH2OCH2), 4.38-4.56 (AB system, 2H, J = 10.5 Hz, 

PhCH2OCH2), 4.46-4.63 (AB system, 2H, J = 10.5 Hz, PhCH2OCH), 4.53-4.66 (AB system, 2H, 

J = 11.0 Hz, PhCH2OCH), 4.51-4.70 (AB system, 2H, J = 10.5 Hz, PhCH2OCH), 5.11 (m, 1H, 

=CCHO), 5.31 (bs, 2H, NH2), 6.15 (s, 1H, =CCH), 7.14-7.35 (m, 25H, phenyl H). 13C NMR (50 

MHz, CDCl3), δC 145.7, 138.9, 138.3, 137.8, 137.5, 137.1, 128.7, 128.6, 128.4, 128.3, 128.2, 

128.1, 127.9, 127.8, 127.7, 127.2, 126.0 124.0, 123.9, 114.7, 82.8, 80.8, 78.3, 74.6, 73.4, 72.7, 

72.6, 70.3, 69.9, 60.0. Anal. Calcd. for C45H47NO6S (729.31): C, 74.05; H, 6.49; N, 1.92, Found: 

C, 74.25; H, 6.51; N, 1.95. 
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