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Abstract - 4H-l-Bsnropyran-4-thinhe (1) reacted enoothly uith 
nitrlllnines (30-o) to afford regloeelectlve cycloadducts (40-e) 
in good yields. In contrast, benzonltrile oxlds (6) end e?do- 
nitrones (70-d) reacted preferentially at the thlone functicn. 
The unateble cycloadduct (8) or (9) ruptured to qim an 
ieoleble products chromone (10) and phenyl lsothlocyanate (11) 
end the thioamides (120 -d). This indirectly proves the site 
of attack of the dipole at the thions group. 

Oipoler cycloeddltion reactions practically have assumed One of the frontiar 

erea of research over tha past tuo decades to be major synthetic strategy for 

8ChfPVinQ the syntheels of CcmPlax natural products’. The theory and practice 

in this area still contlnuas to uncover Certain fundamental 88pECts t0 ClOOr 

certsin basic lssuas 2 . Some intorastlng aspects of rBQfOsBl@CtiVity folloued by 

the dipoles have recently been reported. Oiphenyl nitrllimira reacts uith tro- 
3 pone at C - C bond leaving C- 0 bond intact ; In contrast, chromone reacted at the 

C-O function and C-C bond remained intact4. The cycloaddltlon react iona of thlnne 

function are uall reported and It readily reacts uith a variety of 1,3 dipoles’. 

To our knouladga 1.3 dinolar cycloadditlon reacticw have clot been studied 

employing conJugated thiocarbonyl compounds6. This prompted the authora to 

lnvestigete 1.3 dlpolar cycloaddition reactions of bsnzopyren-4-thione (1) uith 

ealocted 1,3 dipoles viz nltrillmlnea, nit rile oxides and sldonit rones. The 

system (I) is a blfunctional subetrato and dipole6 could react either at carbon- 

cerbon daub:e bond or at thions function. It use expectation only that the LUFlO 

of the thlocarbonyl would be quite lou ln anorgy end also thera would be its 

more locallsatlon at C-S bond rather than C-C bond. This theoraticnl pra.zictlon 

could dictate the addition of dipole8 at the C-S bond’l. 

The reection of (1) uith diphenyl nitrillmine (so), generated in situ from 

tha corresponding d: -chlorobenrylidlns phonylhydrerine (2a) and dry triathyl- 

amina in enhydrous chloroform occurred emoothly at S- 10°C to afford the einQla 

CrYatellina cycloadduct (4e) in 60; yield after chromatography (Scheme _ 1) ; 
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nom of the regioisomer (5) or thicne dimer could be detected. The formation of 

(be) ia inferred from the loufield shift of proton Ha. Interestingly, the dioolo 

here preferred the C-C bond leaving the thiocerbonyl function intact. The cyclor 

adduct uas characterised as (00) and is fully corroborated by elemental and 

spoct ral resuits. The ‘H WlR of (48) 6 : 5.35 (Thb, d), 6.6: (IHa, d), 6.80-7.85 

(14ti, m, aronat ic prctons). The mass spectrum showed the molecular ion at m/z 

(m+) at 356. The cycloaddition of (1) uith other substituted nitrilimines (3b-e) 

uhicr. are mere reactive than tho diary1 analogue (3a) alsa occurred at the 

carbon-carbon douole ::ond only, affording the corresponding cyc?oedducts (4b - e) 

in 60- 65% yield (Table). The behevlouf of this clase of dipole is in accordance 

uith theorotrcel prcdic:ion, and it paves the uay for the synthesis of novel 

linear molecules (4). 

Then UC turned our attention to the reaction of benzonltrile oxide, 

uCIich 13 a considerably more reactive aipole. Uhen equimolar quantities of OH-~- 

benzopyran-6-thione and benzonitrlle oxide (6, generated in situ from Cenrhydro- 

xamyl ch!oride using triethylamine in anhydrous chlcrcform) uere reacted at O°C 
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Scheme - 1 

for 1 h, remcval of solvent and usual uorkup gave chromone (10) m.p. 58 - 59’C 

in 8Q$ yield, slonq uith phenyl :sothlocyanate (ll)e ; there uas no evidence for 

the fcrnatlon of any cycloadduct nf the type (4). Nitrcnes which are precedented 

to require more drastic conditions for their cycloadditione, uere next investi- 

gated. C-Phenyl-H-metnylnitrone (70). reacted uith (1) in refluxing dry benzene 

over a period of 36 h, gave (10) and N-methyl thiobenramide (12s) in good yield. 

The identity cf (11) and (12) uas conCirTed by analytical date end by compari- 

slon uith authentic samples 9 . The relatively more reactive C-phenyl-N-methyl- 

nitrone was our choice here Since C-phenyl -N-arylnitrones did not react under II 

variety of condit.Ions and lonyer an3 higher ref lux temperatures afforded cnly 
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stsrtinq asterl818. It is quite interesting to note here the sit0 selectivity 

folloued by the dipole i.e. cycloaddltion occurlng only across the thlone fun- 

ction follouad by the sllmination of (lo), lssvlnq the chromone double bond 

intact. This site selectivity seems to be a remarkable contract in vieu of the 

reactivity of chromone ooubla bond with a variety of nitrilimines at this site 

as described abova. Qeaction of benzopyran-4-thiono (1) uith other C-phenyl-N- 

benryl- (fb), C-(2-furyl)-N-mothyl- (7~) and C-cyclohexane-N-mothylnltrone (7d) 

under rimihr conditiona gave the corresponding thioamldes (12b-d) in QOOd 

yields (loblo). The structute of the adducts uara unambijuoualy confirmed by 

their analytical and spectral data. ‘Ihen tha sane roection ues carried out uith 

ketonitrcne (C-methyl-C-phenyl-N-methylnitrone) in refluxinp benzene for (S-6) 

days, no thiosmide uas isolated rather only polymeric material separates out. 

(Scheme -2). 

Theso different site selectivity of thaso three Set of selected dipoles 

appear to be interesting fr3m theoretical es us11 es synthetic point of viou, 

EXPtRIMtWAL SECT ION 

melting points uere detnrminad in open capillaries and are uncorrected. 

Ths infrared spectra uece recorded at potassium bromide disces on a Perkin Cimor 

2378 IR spectrometer. Pless speclra uere determined on ACIp1S 30 instrument by 

electron impact method. The 60 mHz ‘H NW spectra were rocorJsd at Uarien l-60 

machine usiny totramethy; silane (1%) as tha internal standard. The chemical 

shifts are recorded in 6 unit (parts per miilion) dounfield from TflS. Nitronos 

(7a - d) uare all easily prepared in hi)h yield (ca. 30s) fro!n the cortesoonding 
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aldahyds or ketone uith N-methyl hydroxylamlne hydrochloride in the presence of 

sodium acetate in ethanol et room temperature. All gave satlaf 3ctory shyalcal 

and spectral data. Petroleum ether refers to that froctlon boiling batueen 40 

and 6OoC and n-hexane refers to that fraction of petroleum ether boiling batueen 

67 and 70°C. 

Pregeratlon of 4H-l-Ronropyran-4-thlona (11 -- 
The chromone1° (2.92 g, 0.02 mol) end Lauesson reagent (4.04 g, 0.01 mol) 

in 15 ml of anhydroua toluene (dried over sodium) uere refluxed (reaction time 

2 h, temperature 11O’C) until no more atarting natarial could be detected (vide 

tic). After cooling the solution vas stripped off and the mixture uaa purified 

on silica gel using chloroform as the eluent. On distillation of chloroform 

gave orange red crystals of 4H-l-benzopyren-4-thione (1) in 90% yield, m.?. 

94-95Oc. ‘H NM (60 RHZ, COCl3) 6 : 7.00-6.60 (WI, m). RS n/r at 162 (R+). 

Anal. Calc’d for CgH60S : C, 66.66 ; H, 3.70 ; found : C, 66.91 ; H, 3.85. 

Reaction of 4H-1-9enzopyran-4-thione (1) uith Nitrllimines: General ProceduE 

Dry triethylanine (2.92 g, 0.02 mol) in anhydroua chloroform (25 ml) 

uaa added dropu!so to a uell stirred solution of OH-l-benzopyran-4-thlone 

(1.52 g, 0.01 mol) and d-chlorobanzylidine phenylhydrarino” (2.30 g, 0.01 mol) 

ln anhydroua chloroform (15 ml) et O- S°C over a period of 30 ninutoa. The 

mixture uss furthe: stirred for 1 h. After ramoval of the solvent, the residue 

uas taken up in benzene (25 ml). The precipitated trlethylamine hydrochloride 

uaa filtered off and the filtrate uas distilled under reduced pressure. The 

yollou crystalline product (4a) thus obtained uaa further puriflod by column 

chromatogrephy ove: silica gel and recrystallised from petro!sum other (b.p. 

00-60°C). The reaction of (1) uith other substituted nitrilimlnes (3b-e) ocurred 

similarly to afford tha corresponding cycloedduct (bb-e) in (60-655) yield. s: 

MS n/z 356 ; IR (KRr) 1080 cm”; ‘H NM (60 RHz, COC13) & : 3.35 (?Hb, d), 6.50 

(lHe, d), 6.85-7.95 (14H, m, aronatic protons). s: MS m/z 336; IR (KRr) lORS, 

1660 cm-’ ; ‘H NflR (COC13) 6 : 2.15 (3H, a), 2.45 (3H, S), 5.30 (Iv,,, d), 6.65 

(‘Ha, d), 6.80-7.96 (RH, m, aromatic protons). s: PtS m/z 401 ; IR (KRr) 1060, 

1675 ; ‘Ii NmR (COC13) 6 : 2.50 (SH, s), 5.40 (lib, d), 6.65-7.71 (QH, m, 1Ha and 

aromatic protons). z: RS m/r 366; IA (KRr) 1085, 1710 cm”; ‘H NflR (COC13) 6 : 

1.20 (3H, t), 2.15 (3H, s), 4.10 (2H, q), 5.35 (lHb, d), 6.68-7.76 (9H, m, 1Ha 

and aromatic protons). 2: fIS m/z 431; IR (KBr), 1080, 1710 cm”; ‘H NflR (CO&) 

6 : 1.25 (SH, t), 4.20 (ZH, q), 5.40 (lHb, d), 6.70-7.72 (9H, m, and aromatic 

protons). 

Reaction of 4H-1-Benropyran-4-thione (1) ulth Benzonitrlle Oxides (6) 

Dry triathylamine (1.01 g, 0.01 mol) In anhydrous chloroform (20 ml) uas 

added to e uall stirred solution of benzhydroxamyl chloride l2 (1.41 9, 0.01 mol) 

and 4H-1-bonzopyran-4-thione (1, 1.62 g, 0.01 mol) over a period of 1 h at O’C. 

The mixture uas further stirred for 2 h. After removal of the solvent the rosi- 

dJe ;1as taken up In benzene (20 ml). The precipitated trlethylamine hydrochlo- 

ride ues filtered off and the filtrate thus obtained uaa dietilled under vacuum. 

?hm products (10) and (11) thue obtalned uere separated and purified by column 

chromatogrephy over silica gel. The structure of theao products uero aaaigned 

on the basis of their analysis and by comparlaon ulth authentic samples. 

React ion of C-phenyl-N-methylnit rona (7a) uith 4H-1-benzopyran-4-thione m - 
A mixture of (7a, 1.349, 0.01 sol) C-phenyl-Naothyln?tronr and 4H-i- 

banzopyran-4-thlone (1, 1.62 g, O.91 q ol) and in 30 ml of dry benzene ues haa- 

tmd at reflux under a nitrogen atmosphere for 36 h. The solvent uaa then remo- 
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ved under reduced pressure and the crude roalduo subjected to silica gel chrona- 

tography uith a 40$ ethyl acetate-hexane mixture as eluent. The major Traction 

isolated uas a pale yellou crystalline solid uhose structure uas assigned as 

N-cethylthiobenraaide (12a) on the basis of the follOUing data, a.p. 78-79’C. 

(lit” l .p. 79- 8O’C). IR (KBr): 3300, 1595, lJSS, 1230, 10X3, 1025, 992, 934, 

914 and 765 cm”; ‘ti NRR (60 PWz, CDC13) 6: 3.22 (3H, d), 7.15-7.79 (6H, m) ;f’lS 

m/z 151 (f’l’) 136, 121 and 77. Under similar conditions C-phenyl-N-benzyl (7b), 

C-(2-furyl)-N-methyl (7~) and C-cyclohexane-N-nethyln?trone (74) gave the corres- 

ponding thioamldes (12b-d) In good yields and their phyalcal and analy:ical dates 

are as follous: 12b: m.p, El-82’C (iit 14 
- n.p. 82-83’C); IA (U8r) 3300, 1615, lSlO, 

1320, 1280, 1219, 1055, 1025, 916, 900, 760 and 740 cm”; ‘H NM (CDC13) 6 : 

7.81-7.03 (llH, n), 4.92 (ZH, d). KS m/z 227 (Fl+) 211, 195, 165 and 91. 12c : - 

m.p. 7O- 71oc (lit9 m.p. 71- 71.5Oc). IR (KBr): 3220, 1580, 1513, 1330, 1275, 

1157, 1031, 1010, 955, 965, 825, 745 and 700 cm” ; 1% NFIR (60 Mr, COC13) & : 
3.33 (3H, d), 6.42 (lH, m) and 7.33 (2H, m); ?Vj m/r 141 (m+) 124, 111, 130. 

12d : 
t 

IA (KSr) 3330, 1535, 1335, 1290, 1205, 1105, 1020, 975, 094 and 714 cm"; 

H NW (CDC13) & : 7.83 (lH, bs), 3.26 (3H, d), 2.31-1.10 (llH, m). PIS m/r 157 

(n’) 142, 124 and 102. 

Table : physical Characteristics and Mcro Analytical Oota of (Oa-o) 6 (12a-d) 

-- 
Coa- Yield R.P. flolecular Analysis 
pound (X) (OC) formula Calculated ( found ) 

C H N 

la 60 91-93 ‘2ZHl 6N205 74.16 4.49 7.97 

(74.38 4.61 7.72) 

4b 65 161-163 C19H16N2@2S 67.95 4.75 9.33 
(57.71 4.63 8.?1) 

4c 60 144-165 C18H13f3rN207S 53.86 3.24 6.98 
(53.69 3.61 6.82) 

4d 62 145-147 C20H16N2P3S 55.57 4.91 7.65 
(65.39 4.90 7.78) 

48 60 160-l 42 Cl 9hl s9rN203s 52.90 3.40 6.49 

(52.78 3.31 6.58) 

12a 51 79-79 CeHg NS 63.54 6.00 9.26 

(63.38 6.20 3.12) 

12b 65 82-83 ClOHl3KS 73.97 5.76 6.16 

(73.72 5.53 6.31) 

12c 45 70-71 C6H7NOS 51 .oo A.99 
(51.21 

.I.92 
4.72 9.73) 

12d 40 66-67 c9H15NS 61.99 9.61 0.90 
(61.21 9.80 9.02). 
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