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2-Chloronicotinoyl isosclenocyana te (lIa) a nd 2.6-dimethyl-4-ch loronicotinoyl isoslcIenocyana te 
(lIb) react with a rylamines to give 2-arylimino-4-oxopyridoI 3.2-e]-1 ,3-sclenazines 1 V and 2-uryl
imino-5 , 7-dimethyl-4-oxopyrido[3,4-eJ- I ,3-selcnazincs JI. A reactio n of lIa,b with sodi um hydro
gen sulfide and hydroselen ide afford the respecti ve 2- thi o- a nd 2-scleno-4-oxopyrid o- l, 3-se lena
zines V1 and Vll. Structure of these new types of heterocycles was co rrobo ra ted by spectral 
(JR, UV, IH NMR, 13 C NMR, and ma ss) mea ns. 

So far, no paper dea ling with the synthes is of pyridoselenazines has been repo rt ed; 

tetrahydro-l ,3-selenazines were already obtained by several met hods l
-

4
. The fir st 

unsaturated 1 ,3-selellazine derivative was prepared by eyclization of 2-selenocyanato
benzoyl chlorides .6 with hyd rogen chloride afford ing 2-chlo ro -1 ,3-benzose lenazi n

-4-one. 

This paper concerns the synthesis of po lycondensed derivative of pyridine 

with a 1 ,3-se lenazine ring system from ha logellacy l iw ~e l enocyar;at es and arylamines, 
NaBS and NaBSe. The starti ng isose lenocyana tes were 2-chloron icotilloyl isoselcno

cyanate (IIa) and 2,6-dimethyl-4-chloronico tin oy l isose lenocyanate (lIb), prepared 

from the corresponding acyl chlorides Ia ,b with potassium selenocyana te. Com
pound 11a reacts with arylamines to yield selen oureas IlIa- Ill! which , in contrast 

to analogous thioureas 7 do not cyclize in the presence of strong bases to seJeno
uracils but , afford exclusively 2-arylimino-4-oxopyrido[3,2-e]-1,3-selerazines 1 V. 

Selenoureas decompose upon thermal cyclization. Isoselenocyanate 11 b reac ts 

with arylamines, due to a stronger reactivity of chlorine in 'Y po siti on of the pyridine 
ring, furnishing directly 2-arylimino-5,7-dimcthyl-4-oxopyrid o [3,4-e]-1 ,3-se le na

zines Va,b,d,g (Scheme 1). 

Other nucleophilic reagents, as NaBS and NaHSe react instantly with isose leno
cyanates IIa,b to form the correEpond ing 2-thi o and 2-seleno-4-oxopyrido-1 ,3-sc lcna 

zines Vla,b, VIIa ,b. Substances VIa ,b were also prepared fr om 2-chloronicotinoyl
and 2,6-dimetbyl-4-chloronicotinoyl isothiocyanates 7 , 8 and NaHSe. 

Nicotinoyl isoselenocyanates Ila ,b are extraordinarily un stable red compoll l:,1 

decomposing within 5-10min und er fo rmation of elemental selen ium. St n ". '" 
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of these compounds was backed by IR and lH NMR spectra, The stability ofseleno 
ureas IlIa-III! and oxopyridoselenazines IVand V depends on their purity. Small 
traces of selenium accelerate the autocatalytical decomposition of selenium deriva
tives already at -lO°e. lsose lenocyanates IIa ,b react with alkylamines, but the 
unstable products could not be isolated. Selenazines IV, V are sensitive towards 
heat and light and therefore, they have to be stored in a refrigerator ; they are well 
so luble in polar organic solvents only. 
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SCHEME 1 

l a. R' = RJ = H. R } ~~ CI 

Ib, R' =C H), R' = R!=C H! 
VII .I. X = S 

VI/b, X = Sc 

lIb 

Va. b.J ,g 

R = C6H5 (a) , 4-CH30C6H4 (b), 2-CH3C6H4 (c), 4-CH3C6H4 (d) , 
4-(CH3hNC6H4 (e), 4-C6H4N2 C6H4 (j), 4-BrC6H4 (g) 
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The JR spectra of JJa ,b contain a broad absorp tion band l'os(NCSe) at 1 945 cm - I 

and a (C= O) one at I 770cm - l
. The se lenoll reas IJJ a - Ill{ reveal characteristic 

s tretching vibrations I'(C = O) at 1675cm - 1 and (NH- .C·= Se) at 1485cl11 - l
• 

The spectra of cyclization products I V, V di splay an add itional absorption band 

of v(C= N) stretching vibration s at I 575 cm - I
. Compounds V have the vibrations 

of carbonyl groups shifted towards lowe r wave numbers relative to I V (\(C = O) 
I 675, I V: 1 710 cm - 1

). The I H NM R spectra of 1 Vand V a re indica tive of protons 

ofl::oth pyridine and benzene ri ngs. Due to a low so lubility in C 2 HCl3 the DC NM R 

spectra were measured in hexadeuteriodimethyl su lfoxide. The most part of selen ium 

compounds underwent decomposition during measurement , and therefore, only 

spectra of IVb and VIa were recorded. The resonance signa ls of the particular 

carbons were ascribed by ana logy with other sulfur derivatives 7
, and from the ofr 

resonance spectra. 

Since the reaction of isoselenocyanates J/a ,b with NaHS proceeds v ia seJenothio

carbamate intermediate, the eyclization product can, in principlc, be either the 

selenazinethione or thiazinoselenone. An un ambiguou s proof for the structure 

afforded the mass spectruJ1l of compound VIa, revealing the M-HNCS +- species 

indicative of the presence ofseleniuJ1l in an endocyclic system . Likewise fragmentation 

displayed compounds IV{ and Vg, too. The intensity o f molecular ion peaks of com

pounds IV! and Vg is by far lower than tha t of VI a thi s being, however, in line with 

their lower stability. 

!Vb 
VIa 

SCHEME 2 

EXPERIMENT AL 

2-Chloronicotinoy I I soselenocyana te (Jla), 2,6-Dimethyl-4-ch loronicotinoyl Isoselcnocya na te 

(JIb) 

A solution of nicotinoyl chloride Ia (ref9
) or Ib (ref8

) (10 Illlllol ) in acetone (20 ml ) wa, added 
at 0-5°C to a stirred solution of KSeCN (10 mmol) in acetone (20 ml) in a nitrogen a tlll o\ ph crc. 
The crude IIa,b was after 5 min of sti rring quickly filtered from the precipitated K C I and m l' " 

directly in the next step. Ila: IR spectrum, cm -I, I 770 v(C= O), 1 948v(NCSc). I H NM R 'I ' "~ 
trum (0, ppm): 8'93-9'30 (m, H., H.( of the pyridine ring), 8'62 (q, H II )· If/): lR spectr um . 
I 772v(C=O), I 952v(NCSe). 1 H NMR spectrum: 7·12 ( 5, H~ ), 2·50 and 2·54 (s, s C I I 1 1 
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TARLE I 

Selenoth ioureas III and pyridoselenazines IV, V, VI, Vll 
~.~.-------.--~ .. 

Calcu lated / Found 
Formula M.p., oC ---- --

Compound 
(M,) solvent Yield, % 

% C % H % N 
--- ------"----_ .. _ .. _--------

lIla C13HIOCIN30Sc 106 - 108b 37 46- 11 2·98 12-41 
(338'7) 46·2 1 2-89 12·43 

lIIb C14H12CIN302Se 110 - 112b 53 45-62 3-25 11·39 
(368,7) 45 ·71 3-33 11 -41 

/lIe C14H12ClN30Se III - 113b 24 47·68 3-43 11 ·91 
(352,7) 47·70 3-44 11'96 

IlJd C14H12ClNJOSe 118 - 121 b 48 47·68 3-43 11 ·9 1 
(352'7) 47·71 3-47 12·03 

life CisHlSCIN40Se 163 - 165c 35 47·20 3·96 14·68 
(381'7) 47·28 HI 14-44 

JII! Cl9H14CIN sOSe 148-150b 49 51·54 3· 19 15-82 
(442'8) 51·55 3·26 15·88 

IVa C l3 H9N 3OSe 226-228d 38 51·67 3·00 13 ·91 
(30N) 51·69 2·87 13-81 

fVb C14H I IN30ZSe 231-233a 49 50·61 3·33 12·65 
(332'2) 50·51 3-41 12·77 

lVc Cl4H1IN30Se 216- 218a 52 53·17 " ~·51 13 ·28 
(316'2) 53·25 3·54 13-13 

IVd C14HI1N30Se 258 - 259d 35 53·17 3·51 13 -28 
(316'2) 53 ·28 3-54 13-41 

IVe ClsH14N40Se 244a 37 52·18 4·09 16-33 
(345'2) 52-1 2 4-06 16·18 

IV!e Cl9Hl3NsOSe 263a 26 56·17 3-22 17·24 
(406'3) 56·37 3·16 17·21 

Va ClsH13N30Se 140- 142 32 54·55 3·97 12'72 
(330'2) 54-60 3-88 12'70 

Vb C16H1SN 302Se 183-185b 35 53·34 4·20 1 I ·66 
(360'2) 53·31 4·21 11 ·51 

Vd Cl6H1SN30Se 168-169c 28 55-82 4·39 12·21 
(344'2) 55·86 4·28 12· 18 

Vgf ClsHl2BrN30Se 127-128b 20 44·03 2-96 10·27 
(409'2) 44·08 2·82 10·20 

Vla g C 7 H4 N 2OSSe 225 h 39 34·58 1-66 11 ·52 
(243'2) 34·61 1·74 11 ·37 
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TABLE I 

(Coll1illlled) 

IR(cm- 1) I H NMR (ppm, 6) 

----------_ .- )'m8x t nnl 
v(C= O) v(NH) I'(NH) H. - H / HI) NH R 

(log ,) 

v(C=N) assoc . free CH3. /CH 3. , 
----------.- -. 

J 676 3230 3380 8·50 - 7·97 7-42 11-42 7·25 - 7'40 215 (4'16) 
3177 12· 36 250 (4'08) 

1679 3327 3380 8'50 - 793 7-43 7,25 - 7,40 220 (4 '03) 
3171 12-45 3-82 247 (4 '34) 

1678 3228 3378 8·55- 8·17 7-30 8·85 7·24 - 7'40 213 (4-28) 
3176 3378 10·03 4·01 250 (4 ' 11 ) 

1 675 3230 3380 8'50-- 7'96 7·42 \1 ·51 7'35 - 7·50 212 (4'12) 

3178 12·40 2'73 250 (4 '01) 

1670 3230 3376 8·50 - 7·97 7-42 11·43 7'10 - 7'30 210 (4'33) 

3 165 2·97 265 (5'46) 

1674 3230 3379 8'50 - 795 7-45 11 '57 7-70 - 7-90 210(4'38 

3 179 355 (5 ' 37) 

I 712 3367 g'85 - 8'70 7· 67 7,10 - 7-40 211 (4'23) 

I 596 273 (4'46) 

I 712 3370 8·55 - 8-43 no 12·3 1 7·26 - 7-46 214 (4 ,29) 

1 598 3·85 330 (4'35) 

1705 3368 8·75 - 8·55 7· 75 12·50 7·28 -- 7-46 213 (4'40) 

I 600 2·52 328(4'21) 

1704 3 358 8,65 - 8-42 7·27 7·22 - 7-4 2 213(446) 

I 595 245 327(416) 

J 712 3370 8·65- 8·52 7·62 12 ·0 1 7·20 -- 740 213 (319) 

1590 3·90 

1 710 3 369 8'75- 8·63 7·63 8·00 213 (3 '33) 

1590 340 (4' 11) 

J 676 3420 7·00 10·12 7·46 213(3,03) 

I 573 2'50/2·55 269 (4·96) 

1 673 3420 2-45/2-49 6·71 8·24 7-47; 7·90 213(3'01) 

1 576 3·77 260 (4 '9 1) 

1 673 3420 2· 31 /2-44 6·90 8·52 7-46; 7·09 243 (4 , 16) 

1576 2-46 28X (400) 

1 680 3420 2'52 /2'56 7·" 10·30 7'(, (,; 749 245 (J34) 

J 570 2700ZX) 

1710 8'75 - 8·97 7·77 221'i ( et I : 

~ (\ .-;; ( I 

- - - ----, .• _- , .. _--
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TABLE I 

(Continued) 

Kristian, Koscik, Gonda: 

Calculated/ Found 

Compound 

Vlb 

VIla 

VIlb 

Formula 
(Mr) 

C 9 H sN zOSSe 
(271'2) 

C7H 4 N zOSe2 

(290'0) 

C 9 HsN zOSez 
(3 18·1) 

M. p ., Co 
Yield, % solvent 

209d 30 

208d 34 

186d 21 

% C % H % N 

39·86 2·97 10·33 
39·56 2·87 10-41 

29·00 1·39 9·66 
29·11 1·34 9·67 

33·98 2·53 8·81 
34·11 2·56 8·88 

a Chemical shifts of pyridine ring and its substituent protons; b chloroform-ether; C chloroform
- heptane; d chloroform-hexane; e mass spectrum, m/z (relative intensi ty, %) : 406 (51), 327 (80), 
185 (100), ]57 (52), 105 (48), 77 (80); J mass spectrum, m/z (relative intensity, %): 409 (44), 

N-Arylsub5tituted N'-2-chloronicotinoylselenoureas Ilia - ill/ 

Ary lamine (8 mmol) in acetOne (15 ml) was reacted with the crude Ila with stirring and under 
nitrogen. The mixture was after 10 min poured into a 4-fold volume of cold water, the precipitate 
was filtered off, purified using charcoal and crystallized from an appropriate solvent (Table I). 

2-Arylimino-4-oxopyrido[3,2-e ]-1 ,3-se lenazines I Va-l V/ 

Selenourea IlIa - IIl/(I0 mmol) was added to the stirred emubion of lithium hydride (II mmo l) 
in dimethylformamide (35 ml) during 3- 5 min . The mixture was stirred at 20°C until the turbi
dity disappeared, then it was gent ly heated to 50- 60°C and left to cool. The crude product, 
which separated afteT pouring the cooled mixture into a 3-fold amount of ice-cold water, was 
crystallized (Tab le I). 

2-Ary limino-5, 7-dimethy 1-4-oxopy rid o[3,4-e ]-selenazines Va,b ,d,g 

A solution of the respective arylamine (8 mmol) in acetone (15 ml) was added under a nitrogen 
atmosphere into the crude IIb as prepared from the chloride lb (10 mmol). The hydrogenium 
chloride was fi ltered off after 20 min and suspended in benzene (25 ml). The free base liberated 
by an equimolar amount of pyridine was extracted by water and the product was crystallized 
(Table I). 

2-Thio-4-oxopyrido[3,2-e]-1 ,3-selenazine (VIa), 2-Thio-5, 7-dimethyl-4-oxopyrido[3,4-e]
-1,3-selenazine (Vlb) 

a) Sodium hydrogen sulfide, prepared by introducing hydrogen sulfide (13'5 mmol) into 
a methanolic sodium hydroxide (13'5 mmol in 25 ml), was reacted with an equivalent amount 
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TABLE I 

(CoIlTillued) 

I H NMR (ppm. (5) 

------- --- - ------
v(C= O) 
v(C= N) 

I 695 

1712 

I 685 

I'(NH) 
assoc. 

3316 

3300 

\'(NH) 
free 

H,--H / 
CH 3o /CH 30 · 

255/ 2'86 

8 75 -- 8-97 

2-55 /2-85 

NH 

6·95 

8-77 

7-20 

T 

3573 

)' I11I1X' n111 

(log c ) 

220 (3'30) 
305 (4' 10) 

228 (4·16) 

217 (4'01) 
365 (4,10) 

212 (30), 105 (42), 91 (24), 77 (85) , 184 (40) , 168 (100); Y mass spectrUIll , III / Z (relative intensity, /;',); 
243 (71), 242 (55) , 185 (100) , 157 (57), 122 (31) , 105 (1 8), 9 1 (15), 77 (17): "chloroform- light 
petroleum. 

of IIa or IIb with ~tirring and in a nitrogen atmosphere_ TI~ e separated product was filtered off 
washed with water, dried and crystallized (Table I). 

b) To a solution of sod ium hydrogcn selcnide obtained in a nitrogen at mosphe re from powde
red selenium (11'4 mmol) and NaBH4 (13 mmol) in acetOne (5 ml) within a 15 min-stirring lIb, 
or IJa (prepared from la, or Ib and ammonium iso thi ocyana te in acetone according to 7 .8) 

was dropwise added . The solvent was removed undcr reduced pressure and the so lid was washcd 

and crystallized (Table 1). 

2-Seleno-4-oxopyrido[3 ,2-e ]-1 ,3-selenazine ( VI /0 ), 

2-Seleno-5, 7-dimethyl-4-oxopyrido[3,4-eJ-1 ,3-se lenazine (I '// b) 

Isoselocyanate IJa , or lIb was added to a so lution o f sodium hydrogcn selenide (el. the preceding 
procedurc, method b)_ The mixture was acidified by dilute (1 : 1) hydrochloric acid and the 
precipitated product was rapidly filtered ofT and crysta llized (Table 1). 

Spectral Measurements 

The IR spectra of chloroform soluti ons were mcasurcd with a Spccord 75 JR (Zciss, Jcna) ap
paratus, the UV spectra of methanolic solution s were taken with a Perkin-Elmcr, model 4()2 
spectrophotometer in 1 em-cells, the J H NMR spectra were recorded with a Tesla BS 497 operat
ing at 80 MHz, and the J3C NMR spectra with a Tesla BS 567 A apparatuses operating at 25-
MHz. The chloroform- hexadeuteriodimethyl sulfoxide soluti ons contained tetramethyhilanL: 
as an internal reference. The mass spectra were run with a JMS 1)-100 (Jeo]) in~trument a t 7() eV 
ionizing electron energy and 295°C (IV;), 190°C (Vg) and 220°C (VIa)_ 13 C NMR spectra : I I f, 

C(l) 154'10, C(2) 120'72, C(3) 136- 84, C(4) 1n92. C(S) 158' 12, C(6) J49·24, C(7) 179-'>2. C " , 
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133'8 1, C(9) 130' 12, C(lO) 114'30, C(lt) 152'92, OCH3 55 '24; VIa: C(lt 154'46, C(2) 124'03, 
C(3) 138' 85, C(4) 120'94, CIS ) 149'08, C( 6) 162'37, C(7) 193· 14. (Scheme 2). 

Ollr thanks are due to Dr V. Kovacik, Institllte 01 Chemistry . Slarak Academy 01 Sciences. 
Bratislava, lor measuring the mass spectra. 
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