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Abstract - A4H-1-Benzopyran-d4=-thinhe (1) rescted smoothly with
nitrilimines (3s-e) to afford regioselective cycloadducts (4s-e)
in good yields, In contrast, benzunitrile oxide (6) and aldo-
nitrones (7s-d) reacted preferentially at the thione functicn,
The unstable cycloadduct (8) or (9) ruptured to give as
isolable products chromone (10) and phenyl {sothiocyanate (11)
and the thioamides (128 -d). This indirectly proves the site

of attack of the dipole at the thione gqroup.

Dipolar cycloaddition reactions practically have assumed one of the frontier
area of research over the past tuo decades to be major synthetic strategy for

achieving the synthesis of ccmplex natural producta1

. The theory and practice

in this area still continues to uncover certajin fundamental sspects to clear
certain basic issuosz. Soms interesting @spects of regioselectivity followed by
the dipoles have recently besen reported. Oiphenyl nitrilimire reacts with tro-
pone at Ce (C bond leaving C= 0 bond intacts; in contrast, chromcne reactec at the
C=0 function and C=C bond remained intact®, The cycloaddition reactions of thione
function are well reported and it readily reacts with a variety of 1,3 diooless.
To our knowledge 1,3 dipolar cycloaddition reacticns have oot been studied
employing conjugated thiocarbonyl compounds®, This prompted the authors to
investigete 1,3 dipolar cyclosddition reactions of benzopyran-a-thions (1) with
selected 1,3 dipoles viz nitrilimines, nitrile oxides and aldonitrones, The
system (1) is a bifunctional substrate and dipoles could react either at carbon-
carbon doub.e bond or at thione function. It wes expectation only that the LUMQO
of the thiocarbonyl would be quite low in energy 8nd also there would be its
more localisation at CaS bond rather than C=C bond. This theoretical preasiction
coulo dictate the addition of dipoles at the Cs=S bond?.

The resction of (1) vith diphenyl nitrilimine (3a), gensrated in situ from
the corresponding o ~chlorobenzylidine phenylhydrezine (2e) snd dry triethyl-~
amine in anhydrous chloroform occurred smoothly at S- 10°C to afford the single
crystalline cyclomdduct (4s) in 60X yield after chromatography (Scheme - 1) ;
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none of the regioisomer (S) or thicne dimer could be detected. The formation of
(48) is inferred from the ioufield s~nift of proton Hg. Interestingly, the diopole
here preferred the C=«C bond leaving the tnjocarbonyl function intact. The cyclo-
82duct wes characterised as (4a) and is fully corroborated by elemental and

"M NMR of (48) & : 5.35 (1Hp, d), 6.6C (1Hg, d), 6.80-7.85
(14K, m, aromatic prctons). The mass spectrum shoued the molecular ion at m/z
(M*) at 356. The cycloaddition of (1) with other substituted nitrilimines (3b-e)
which are mcre reactive than the diaryl analogue (3a) also occurred at the

spectral resuits. The

cerbon-carbon double ond only, affording the corresponding cycloasdducts (4ab -e)
in 60- €5% yield (Table). The behaviour of this class of Jipole is in accordance
with theoreticsl prediction, and it paves the way for the synthesis of novel

tinear molecules (4).

Then we turned our attenticn to the reaction of benzonitrile oxice,
uhich 18 a considerably more reactive oipole. When equimolar quantities of 4H=1-
benzopyran-4=-thione and cenzonitrile oxide (6, generated in situ from tenzhydro-

xamyl chloride using triethylamine in anhyZdrous chlcreoform) were reacted at 0°C
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Scheme - 1
for 1 h, remcval of solvent and usual workup gave chromone (10) m.p. 58 - 59°¢

in 80% yield, along with phenyl isothiocyanats (11)8 ; there was no evidence for
the faormation of any cycloadduct nf the type (4). Nitrcnes uhich are precedented
to require more drastic conditions for thair cycloadditions, were next investi-
gated. C-Phenyl-N-metnylnitrone (7s), reacted with (1) in refluxing dry benzene
over @ period of 36 h, gave (10) and Nemethyl thiobanzamide (12a) in good yield.
The identity cf (11) and (12) was confirmed by analytical cata and by compari-
sion with authentic sampleag. The relatively more reactive C-phenyl-N-methyl-
nitrone vas our choice here since C-phenyl=-N-arylnitrones did not react under a

variety of conditions ang longer &nd higher reflux temperatures afforded cnly
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Scheme « 2

starting materials, It is quite interesting to note hare the site selectivity
folloued by the dipole i.e. cycloaddition occuring only across the thione fun-
ction followed by the elimination of (10), lesving the chromone double bond
intact. This site selectivity seems to bs a remarkable contrast in vieu of the
reactivity of chromone Soubla bond wibh a variety of nitrilimines at this sitse
as described abava. Reaction of benzopyran-4-thione (1) vith other C-phenyl-N-
benzyl- (70), C=-(2-furyl)-N-mathyl- (?7c) and C-cyclohexane-N-methylnitrone (7d)
under similer conditions gave the corcresponding thioamides (12b-d) in good
yields (Teble)., The structute of the adducts wers unambijuously confirmed by
their analytical and spectrsl data. Yhen the ssme reaction uvas cerried out with
ketonitrcne (C-methyl-C-phenyl-N-methylnitrone) in refluxing benzens for (S =6)
days, no thioamide was isolated rather only polymeric material separates out.
(Scheme -2).

These differant site selsctivity of these three set of selected dipoles
appear to be interesting from theoretical as well 8s synthetic point of vieu.

EXPERIMENTAL SECTION

Melting points were Zetarmined in open cepillaries and are uncorrected.
The infrared spectra were recorded at potassium bromide diaces on a Perkin ELimer
2378 1R spectrometer. Mass spectra were cetermined on ALIMS 30 instrument by
electron impact method. The 60 MHz 1H NMR spectre were racorded at Varian T-60
machine using tetramethyi silane (TM5) as the internal standard. The chemical
shifts are recordjed in 5 unit (parts per miilion) dounfield from TMS. Nitrones
(7a-d) were all masily preparad in hijh yiald (ca. 30£4) from the corresoonding
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aldehyde or ketone with N-methyl hydroxylamine hydrochloride in the presence of
sodium acetate in ethanol at room temperature. All gave satisfactory physical
and spectral data. Petroleum ether refers to that fraction boiling between 40
and 60°C and n-hexane refers to that fraction of petroleum ether bolling between
67 and 70°C,

Preparation of 4H-1-Benzopyren-4-thions (1)

The chromonel0 (2,92 g, 0,02 mol) end Lauesson reagent (4.04 g, 0,01 anl)
in 15 ml of anhydrous tolusne (driad over sodium) were refluxed (reaction time
2 h, temperature 110°C) until no more starting material could be detected (vige

tle). After cooling the solution uas stripped off and the mixture wvas purified
on silica gel using chlnroform as the eluent. On distillation of chloroform
gave orange red crystals of 4H-1-benzopyran-4-thjione (1) tn 30X yisld, m.p.

94 -95°C. W NMR (60 MHz, COCl3) & : 7.00-8.60 (6H, m). MS m/z at 162 (m*).
Anal. Calc'd for CgHEOS ¢ C, 66.66 ; H, 3,70 ; Found : C, 66.81; M, 3.85.

Reaction of 4H-1-Benzopyran-4-thions {1) with Nitrilimines: General Procedurs

Dry triethylamine (2.02 g, 0.02 mol) in anhydrous chlaroform (25 ml)
was added dropu’‘se to a8 well stirred solution of 4H—1~benzopyran-4-thione
(.52 g, 0.01 mol) and ol -chlorobenzylidine phenylhydrazine'' (2.30 g, 0.01 mol)
in anhydrous chloroform (15 nl) at O- 5°C over a perisd of 30 minutes. The

mixture wss fucthe: stirred for 1 h, After removal of the solvent, the residue
uas taken up in benzene (25 ml). The precipitated triethylamine hydrochloride
was filtered off and the filtrete was distilled under reduced pressure. The
yellou crystalline product (48) thus obtained was further purified by coluan
chromatography over silica gel and recrystallised from petroleum ether (b.o.
40-609C). The reactjon of (1) uwith other substituted nitrilimines (3b-e) ocurred
similarly to afford the corresponding cyclosdduct (ab-e) in (60-65%) yield. 4a :
ms m/z 356; IR (KBr) 1080 cm='; T NMR (60 MHz, COCly) & : 3.35 (1Hp, d), 6.50
{1Ha, d), 6.85- 7,85 (14H, m, sromatic protons). 4b: MS m/z 336; 1R (KBr) 1085,
1680 cm=! ; TH NMR (COCl3) & : 2.5 (3H, 8), 2.45 (3H, s), 5.30 {14y, d), 6.65
(1Hg, d), 6.80-7.86 (BH, m, arometic protons). 4c : M5 m/z 401 ; IR (KBr) 1080,
1675 ; YH NMR (COCly) & : 2.50 (3H, ), 5.40 (14p, d), 6.65-7.71 (9H, m, 1Hg and
arometic protons). 4d : MS m/z 366; IR (xBr) 1085, 1710 cm~1; Tu NMR (cociy) §:
1,20 (34, t), 2.15 (3H, s), 4.10 (2H, q), S.35 (1Hp, d), 6.68-7.76 (IH, m, 1H,
and aromatic protons). 4 : MS m/z 431; IR (KBr), 1080, 1710 cm='; TH AMR (COCL)
§:1.25 (34, t), 6,20 (2H, q), 5.40 (1Hp, d), 6.70-7,72 (94, m, anc aromatic
protons).

Resction of aH-1-Benzopyran-4-thione (1) with Benzonitrile Oxides (6)

ODry tristhylamine (1.01 g, 0,01 mol) in anhydrous chloroform (20 ml) vas
edded to 8 well stirred solution of benzhydroxamyl chloride'? (1,41 g, 0.01 mol)
and 4H-1-banzopyran-4-thisne (1, 1.62 g, 0.01 mol) over & period of 1 h at 0°C.
The mixtur® was further stirred for 2 h, After removal of the solvent the resi-

due was taken up in benzene (20 ml). The precipitatec triethylamine hydrochlo-
ride uas filtered off and the filtrate thus obtained uwas distilled under vacuum.
The products (10) and (11) thus obtained were separated and purified by column
chromastography over silica gel. The structure of these products were assigned
on the basis of their anslysis and by comparison with authentic samples,

Reaction of C-phenyl-N-methylnitrone (7a) with 4H-1-benzopyran-a-thione !12
A mixture of (7e, 1,349, 0.01 mol) C-phenyl-N-methylnitrone and 4H-1=
benzopyran=a-thione (1, 1,62 g, 0.01 mol) and in 30 ml of dry benzene wvas hea-

ted at reflux under a nitroqgen atmosphere for 36 h. The solvent was then remo-
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ved under reduced pressure and the crude residue subjected to silica gel chroma-
tography with s 40X ethyl acetate-hexane mixture as sluent. The major fraction
isolated was a pale yellow crystalline solid whose structure was assigned as
N-methylthiobenzamide (12a) on the basis of the following deta, m.p. 78 - 79°C.
(11¢13 m.p, 79-80°C). IR (XBr): 3300, 1595, 1355, 1230, 1035, 1025, 992, 934,
914 and 765 cm='; W NMR (60 MMz, CoCly) &: 3.22 (3H, d), 7.15-7.78 (64, m) ; MS
m/2 151 (M*) 136, 121 and 77. Under similar conditions C-phenyl-N<benzyl (7b),
C-(2-furyl)-N-methyl (7c) and C-cyclohexane-N-methylnitrons (7d) gave the corres-
ponding thioamides (12b-d) in good yields and their physical and analyiical datas
are as follous: 12b: m.p., 81-82°C (11t?% m.p. 82-83°C); 1R (x8r) 3300, 1615, 151G,
1320, 1280, 1210, 10SS, 1025, 916, 900, 760 and 740 cm~'; 'w NmR (COC13)
7.81-7.03 (114, m), 4,92 (2H, d). MS m/z 227 (M*) 211, 19S5, 165 and 91. 12¢c
m.p. 70-71°C (14t? w.p. 71- 71.59C). IR (xBr): 3220, 1580, 1513, 1330, 1275,
1157, 1031, 1010, 955, 865, 825, 745 and 700 cm™' ; 'H NMR (60 MHz, COCly) & :
3.30 (34, d), 6.42 (14, m) and 7.33 (2H, m); mS m/z 141 (m*) 124, 111, 100.
12d : IR (xBr) 3300, 1535, 1335, 1290, 1205, 1105, 1020, 975, 884 and 714 em™;
TH NmR (coc1s) S: 7.83 (14, bs), 3.26 (3H, d), 2.31-1,10 (11H, m). MS m/z 157
(m*) 142, 124 and 102.

Table : Physical Characteristics and Micro Analytical Date of (4a-e) & (12a-d)

Com=~ Yield M.p. Molecular Analysis
pound (%) (°c) formuls Calculated ( Found )
c H N
s 60 91-93 CoHa N, 0S 74.16 .49 7.87
2271672 (74.38 a.61 7.72)
ab 65 161-163 C. M, N_0.5 67.85 4,76 8,33
197167272 (57.71 4,63 8.21)
ac 60 124-145 CqgHy<BIN,0,5 53.86 3.24 6.98
187137727 (53.63 3.4 6.82)
td 62 145-1a7 CoHy N, CaS §5.57 a.91 7.65
207187273 (65.39 4.80 7.78)
ae 60 140-142 CqoHyeBIN, 05 52,90 3.48 6.49
19715777273 (52.78 3.3 6.58)
12a 51 78-79 CgHgNS 63.54 6.00 9,26
(63.38 6.20 3.12)
12b 45 82-83 €y gHyahs 73.97 5.76 6.16
(73.72 5.53 6.91)
12¢ 45 70-71 € gHNOS 51.04 4.99 3,92
(s1.21 4,72 9.73)
124 40 66-67 CgHyghs 61.09 9.61 8.90
(61.21 3.80 3,02).
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