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Abstract - 3-Methyl-5-vinyl-1,2-te11urazole. -selenazole, and 

-thiazole have been prepared by one pot reactlon from 5-hexen- 

3-yn-2-one, hydroxylamine-0-sulphonic acld and the proper al- 

kaline chalcogenide. Their radical homapolymerizat~on and co- 

polymerization with styrene have been investigated. 

Recently some of us described the flyst method for the synthesis of 1.2-tellurazole 

derivatives1 which resulted of general validity in the preparation of 4-unsubsti- 

Luted derivatives and was extended for the ebtalnment of the isologues 1.2-selen- 
2 

azoles and 1.2-thia~oles.~ Further researches in this fleld now enable us to 

prepare vinyl derivatives of the three above-mentioned heterocyclic systems useful 

as precursors of polyfunctlonal polymers containing elther the unaltered hetero- 

cycles or various 1.3-dlfunctional groups after transformation of the rings under 

different reactLon conditions. 4.5 

We here report the synthesis of the first 5-vinyl-substituted 1.2-chalcogenaroles 

together with a concise study about their polymerization behaviaur. 

According to our findings the profitable 5-hexen-3-yn-2-one (1) is transformed into 

3-meth~l-5-vlnyl-1,2-chalcoqenazoles ( 2 )  through one pot procedure by treating it 

with hydroxylamine-0-sulphonic acid, then with the proper a1l:aline chalcogenide in 

buffered aqueous solution (Scheme 1). 

CH =CH-CZC-C-CH 1) NH 0S03H 
2 3 2 S - 

2) NaRC03 or NaOCOCH3 

2 fiCH3 CH =CH 
3) NaHS o r  K Se or X Te 

2 2 

Scheme 1 



The reaction yields decrease going from sulphur to selenium to tellurium paral- 

lel wlth the reductive power Increase of the chalcogenide and probably with the 

aromatic character decrease of the corresponding heterocycle. The 3-methyl-5- 

vlnyl-1.2-tellurazole (2c) is prepared in poor yields, nevertheless it is the 

first example of a vinyl monomer of an heteroaromatlc system with N-Te bonds. 

A posslble reaction mechanism involves the initial transformation of the carbonyl 

group into an oxime-0-sulphonlc acid which can be monitored by the disappearance 

of the ketone odor, then the additlo" of the chalcogenide in buffered solutlon 

may imply a nucleophilic attack of the chalcogenide ion to the trlple bond ac- 

cording to known reactlons6 and the subsequent cyclizatlon by nucleophilic dis- 

placement of the sulphate anion. It is relevant to note that the oxime-0-sulphonic 

aclds and the~r analogues react with reducing agents to give lmines or carbonyl 

compounds after hydrolysis. 
7 

The preparation of the ketone 1 has been carefully examined referring to the known 

procedure of ~etrov.' Vinylacetylene, prepared accordmg to ~acker? is treated 

wlth ethylmaenesium bromlde as by Petrov, while the subsequent addition of 1.2- 

dibromoethyl e:hyl ether. dehydrohalogenation with potassium hydroxide and decompo- 

sition of the en01 ether with sulphuric acid are substituted by the simple addi- 

tion of the vlnylacetylenic Grignard reagent at -70 OC to an ethereal solution of 

acetic anhydride. The pure ketone 1 is obtained after hydrolysis. 

Structures 2a-c are in agreement with elemental analysis and IR and NMR spectro- 

scopic data which are resumed in Table 1. In the NMR spectra the monotone shiftmg 

towards higher flelds of the proton of CH2 which is trans to vinyl CH clearly 

evidences the increasing shielding effect in the series sulphur, selenium, tellu- 

r l u m  and confirms that the preferred conformation of the vinyl group is that 

wlth the CH2 group oriented towards the chalcogen atom, as it has been proved in 

the case of other vinyl derivatives like 2-vinylfuran and 2-vinylthiophene, 
10 

Molecular structures of vinyl derivatives 2 a,b have also been confirmed by 

their conversion after reaction with neutral KMnO into the known carboxyllc 
11.12 4 

acids 3a .b  according to Scheme 2. 

dCH3 1) KMnO, 
4 - 

CH =CH 21 KHS04 HOOC 
2 dH3 

Scheme 2 
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As far as the obtained monomers are concerned, both 2a and 2b are oils whlch may 

be purlfled by dlstlllatlon at reduced pressure, while 2c is a solid whlch may be 

sublimated or crystallized. All of them easily polymerize in solution with radi- 

cal initiators. 

Table 1. Characteristic data of 3-methyl-5-vinyl-1,2-cha1~ogenazo1es 

IR Compound bp 'H-NMR ( c D c ~ ~ )  
-1 

OC/torr cm 

2.46(3H. s, methyl), 

5.42(1H,d,H of CH2, J=10.9 He), 
cis 

5.7311Hld,HtpanS of CH2, J=17.5 Hz), 

6.80(1H, s ,  ring proton), 

6.90(1H, dd, vinyl CH) 

2.43(3H, s ,  methyl), 

5.46(1H,d,Hcis of CH2, J=10.6 Hz), 

5.59(1H,d,HtPans of CH2, J=17.3 Hz), 

6.86(1H, dd, vinyl CHI, 

7.06(1H, s ,  ring proton) 

2.45(38, s ,  methyl), 

5.40(1H,d.Htpans of CH2, J=16.7 Hz), 

5.48(1H.d,Hczs of CH2, J=lO.Z Hz), 

6.87(1H, dd, vinyl CH), 

7.72(1H, s, ring proton) 

- -- - - 

ameltmg polnt OC after crystalllzatlon from ether 

Monomers 2.3 and Zb, more profitable than 2c from a practical point of vlew owing 

to their higher preparation yields, have been submitted to a more extensive study. 

Both 2a and 2b in dloxane solution at 60 OC with 3% w/w azobisisobutyronitrile 

(AIBNI as initiator well polymer~ze and copolymerize in various ratios with sty- 

rene (STY), the usual reference comonomer, in agreement with a strong activation 

effect of the heterocycles. The fractionated homopolymers and copolymers are well 

preservable white powders. Tables 2 and 3 summarize preparation conditions and 

properties of some homopolymers and copolymers. 

In spectra of homopolymers and copolymers as well as nitrogen elemental analysis 

of homopolymers confirm the presence of unaltered heterocyclic rings. IR spectra 



and nitrogen elemental analysis on further fractionated copolymers account for 

real copolymers rather than for polymer mixtures. 

Table 2. Homopolymers and Copolymers of 2a and 2b 

Monomer Comonomer Molar Dloxane Weight Tlme Solvents Non solvents 

ratio ml/mol of conversion min 

monomers % 

2a - 1 282 53.4 476 a,b,c,e,h d.f,g 

2a STY 1:0.99 150 44.7 495 a,b,c,e,h d.f.9 

2b - 1 295 43.4 587 a,b,c,e,h d.f.9 

2b STY 1:1.04 2?8 35.2 505 a,b,c,e,h d.f.9 

=.benzene; b=chloro£orm; c=dichlorometh%ne; d=diethyl ether; e=dioxane; £=methanol-; 

g=petrol ether 40-60 OC; h=tetrahydrofuran 

Table 3. Composition data, osmometric number average molecular weight and I R  band 

values of the homopolymers and copolymers of 2a and 2b reported in Table 2 

- 
M" 

- 1 
Polymer M~~ % N in m 

1 v(cm ) 

the polymer 

a M1 = mol fractlon of the heterocyclic monomer in the feed 

ml = mol fractlon of the heterocyclic monomer in the copolymer 

% N calculated for C H NS = 11.18 
6 7 

in dichloromethane at 26 OC 
e .  

In benzene at 37 -C 

% N calculated for C H NSe = 8.14 
6 7 
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EXPERIMENTAL 

Melting points were determined with a Reichert Thermovar apparatus and are uncor- 

rected. IR spectra were recorded as KBr pellets or films on a Perkin Elmer 1330 

spectrophotometer. 'H-NMR spectra were measured in CDCl wlth TMS as internal stan- 
3 

dard on a Bruker 300 spectrometer. Molecular weights were determined on a Knauer 

vapour Pressure Osmometer. Microanalyses of the 1,2-chalcogenaeole monomers were 

in satisfactory agreement with the calculated values (Ci0.20, H+0.12,N+0.23). 

5-Hexen-3-yn-2-one (1). A solutlon of 47.64 g (466.6 -01) of rectified acetic an- 

hydride in 100 ml of anhydrous ether was treated under nitrogen and stirred at -70 

OC with 142 ml of a 2.37M ether solution of 3-buten-1-ynylmagnesium bromide8 for 

40 mi". The mixture after stirring for 1 h at -70 OC and 30 mi" at room temperature 

was hydrolyzed with 100 ml of water at 0 OC, then it was extracted with 100 ml of 

ether in three portions. The extracts were concentrated, stirred for three hours 

with an equal volume of water and extracted again with 100 ml of ether in three 

portions. The extracts were washed with saturated NaHC03 and dried over anhydrous 

sodium sulfate. After removal of the solvent the residue was fractionated at re- 

duced pressure affording 8.67 g (92.1 mmol) of 1. bp 58-59 OC/28 torr (lit.' 38- 

39 '=c/10 ton). 

3-Methyl-5-vinyl-1,2-th1az01e (Za). The ketone 1 (10.08 g; 107.1 mmol) was treated with 

40 ml of dlstilled water at 0 OC then with 12.44 g (110.0 mmol) of hydroxylamine-0- 

sulphonic acid and vigorously stirred at the same temperature for 25 min up to the 

d~sappearance of the ketone odor. then it was added with 8.92 g (106.2 mmol) of 

NaHCO and treated wlth 60.4 ml of 1.94M aqueous solution of NaSH. The mixture was 
3 

stirred for 4 h at room temperature, then steam dlstilled. The distillate was ex- 

tracted with ether and dried over anhydrous sodium sulfate. After removal of the 

solvent, the residue was distilled at reduced pressure to afford 2.95 g (23.6 mol) 

of Za. Yield 22%. 

3-Methyl-5-v~nyl-1,2-selenazole (Zb). The compound 1 (10.51 g; 111.7 mmol) was treated 

with 100 ml of deoxygenated water at 0 "C then with 12.63 g (111.7 mmol) of hydroxyl- 

amine-0-sulphonic acid and stirred under nitrogen at the same temperature for 25 

min up to the disappearance of the ketone odor. The mixture was added with 30.41 g 

(223.5 mmol) of sodium acetate trihydrate and treated during 40 mi" with 186 ml of 

0.6M aqueous solution of potassium selenide. 13a The mixture, stirred for 4 h at 

room temperature, extracted wlth 400 ml of ether in five portlons and dried over 

anhydrous sodium sulfate was distilled at reduced pressure to afford 3.85 g (22.4 

mmol) of Zb. Yield 20 %.  

3-Methyl-5-vinyl-1,2-te11~1~az01e (2c). The compound 1 (9.10 g ;  96.7 mmol) was treated 

with 100 ml of deoxygenated water at 0 OC, then wlth 10.94 g (96.7 mmol) of hydroxyl- 



mine-0-sulphonic acid and stirred under nitrogen at the same temperature for 25 

min up to the disappearance of the ketone odor. The mixture was added with 26.32 g 

(193.4 mmol) of sodium acetate trihydrate and treated during 40 min wlth 161 ml of 

0.6M aqueous solution of potassium te1l~rlde.l~~ The mixture was stirred for 4 h at 

room temperature and then extracted with 400 ml of ethyl acetate in five portions. 

The extracts were washed with water, dried over anhydrous sodium sulfate and dis- 

tilled at reduced pressure up to the removal of the solvent. The residue was added 

with 100 ml of ether and extracted with 90 ml of 0.5M HC1 in three portions. The 

acid aqueous solution was filtered, treated with concentrated aqueous ammonia up to 

pH=lO and extracted with 200 ml of dlchloromethane in five portions. The extracts 

after drying over sodium sulfate and removal of the solvent at reduced pressure 

afforded 1.06 g (4.80 mmol) of Zc (yield 5 % )  which was purified by sublimation at 

0.01 torr and crystallization from ether at -30 OC. 

Reaction of 2a with KMnO The compound 2a (0.102 g: 0.81 mmol) suspended in 5 ml of 
4 '  

water was treated dropwise with a 0.1M aqueous solution of KMnO at room t e m p e w e  
4 

up to persistent CO~OUT. After filtration, the solutlon was acidified up to pH. 1 

with KHS04 and extracted with 50 ml of ether in three portions. The extracts after 

drying over anhydrous sodium sulfate were evaporated to afford 0.041 g (0.29 mmol) 

of a solid compound having meltmg pomt and IR spectrum coincident to that of 

authentic 3-methylisothiazole-5-carboxylic acid 03a). 
11 

Reactmn of 2b with KMnO The compound 2b (0.086 g; 0.50 mmol) was oxidized with 
4 ' 

KMn04 as above described affording 0.031 g (0.16 mmol) of a solid whose IR spectrum 

was superimposable to that of an authentic sample of 3-methylisoselenazole-5-car- 

baxylic acid (3b). 
12 

Homopolymerizations and copolymerizations.  Polymerization experments were carried out 

by stirring at 60 OC a mixture of monomers and solvent in desired ratios together 

with AIBN 3% w/w introduced under nitrogen in a receiver with screw cap, silicone 

rubber septum and stirring bar. Polymers and copolymers obtained by low conversion 

reaction were preclpltated by pouring the reaction mixture into petrol ether 40-60 

T. Crude polymer samples were purified by two dissolution/precipitation cycles in 

dlchloromethane/petrol ether 40-60 "C and dried under vacuum at 30 OC for 24 h. 
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