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2,3-Dihydro-c-3-substituted-¢-3-methyl-r-2-phenyl-4H-1-benzopyran-4-ones
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The synthesis of 2,3-dihydro-t-3-mesyloxy-c-3-methyl-r-2-phenyl-4H-1-benzopyran-4-one (1) is described.
The reaction of mesylate 1 with various nucleophiles, first of all O- and N-nucleophiles, yields the
corresponding 2,3-dihydro-c-3-substituted-t-3-methyl-r-2-phenyl-4H-1-benzopyran-4-ones 2b, 7b, 9, 10, 12, 14

and 18. Azide 14 is a useful intermediate for the synthesis of flavonoids 15-17.

J. Heterocyclic Chem., 25, 343 (1988).

As a part of our program to investigate the applicability
of the nucleophilic displacement reaction for the synthesis
of 3-substituted-flavonoids and the mechanism of the sub-
stitution reaction [1a,3], we wished to extend our studies to
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the reactivity of the tertiary substrates. 2,3-Dihydro-z-3-
mesyloxy-c-3-methyl-r-2-phenyl-4H-1-benzopyran-4-one (1)
was chosen as model compound. The starting material 2,3-
dihydro-t-3-hydroxy-c-3-methyl-r-2-phenyl-4H-1-benzopy-
ran-4-one (2a) was synthesized by means of Algar-Flynn-
Oyamada oxidation of 2,3-trans-2,3-dihydro-3-methyl-2-
phenyl-4H-1-benzopyran-4-one (3). This procedure was
found to give better yields than the earlier reported oxida-
tion of 2'-hydroxy-a-methylchalcone [4]. Reaction of 2a
with mesyl chloride and pyridine resulted in the formation
of the mixture of mesylate 1 and the unexpected 4. The
structure of sultone 4 was established on the basis of spec-
tral evidence and its acid-catalyzed dehydration into 5
(Scheme 1). No isomerisation between 1 and 4 was observ-
ed even under forced conditions. As mesylates are known
to form by addition of alcohols to the reactive in-
termediate, thioformaldehyde dioxide (6) [5] thus sultone
can be supposed to be produced in an unusual cycloaddi-
tion reaction.

The reaction of 1 with potassium acetate in hot dimeth-
yl sulfoxide (DMSO) afforded c-3-acetoxy-2,3-dihydro-¢-3-
methyl-r-2-phenyl-4H-1-benzopyran-4-one (7b), 2,3-
dihydro-c-3-hydroxy-t-3-methyl-r-2-phenyl-4H-1-benzopy-
ran-4-one (2b) and 3-methyl-2-phenyl-4H-1-benzopyran-4-
one (8). Similar treatment of 1 with butylamine or iso-
pentylamine in hot N,N-dimethylformamide (DMF) led to
the formation of ¢-3-butylamino-2,3-dihydro-¢-3-methyl-r-2-
phenyl-4H-1-benzopyran-4-one (9) and 2,3-dihydro-c-3-iso-
pentylamino-¢-3-methyl-4H-1-benzopyran-4-one (10),
respectively, besides 2b and 8 (Scheme 2).

The stereochemistry of the products of the substitution
reaction was determined by comparison with the known
epimer (in case of 2a-2b and 7a-7b) and nuclear
Overhauser effect (nOe) measurements. Reactions require
forced conditions because of the steric hindrance at the
tertiary centre. When 1 was treated with butylamine at
room temperature the reaction-time was extremely long
though the yield of 9 was better and no formation of 2b
was observed.
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The importance of the steric factors is indicated by the
lack of any substitution in the reaction of 1 with more
crowded amines. Thus, treatment of 1 with isopropyl-
amine (a primary amine carrying an a-branch) yielded on-
ly 2b and 8, substitution product 11 could not be detected.
When 1 was reacted with piperidine only extensive
degradation was observed.

Experiments were performed to determine the origin of
2b as its stereochemistry excluded the simple hydrolysis of
the sulfonate function. Furthermore, 2b was obtained
from 1 in hot DMF in the presence of either water,
methanol or isopropylamine and even in pure, dry DMF in
a sealed tube. From this latter reaction mixture 2,3-dihy-
dro-c-3-formyloxy-t-3-methyl-r-2-phenyl-4H-l-benzopyran-
4-one (12) was also isolated, in addition to 2b and 8.
Therefore, an attack of the solvent must be proposed at
elevated temperature to afford a reactive intermediate A
which transforms into formate 12 and then by hydrolysis
into alcohol 2b.

Attempted methanolysis of 1 in refluxing methanol fail-
ed as the bulk of the starting material remained unchang-
ed after 60 hours and only small amount (ca. 5%) of a new
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product was formed. This component was isolated by tlc
and its ms spectra (molecular peak at m/e = 268, loss of a
methyl and methoxy groups at 253 and 237, retro-Diels-
Alder fragment [6] at 148) agrees with the presumed 2,3-
dihydro-3-methoxy-3-methyl-2-phenyl-4H-1-benzopyran-4-
one (13) structure.

Reaction of 1 with sodium azide gave c-3-azido-2,3-dihy-
dro-t-3-methyl-r-2-phenyl-4H-1-benzopyran-4-one (14) in
high yield. Selective reduction of 14 under controlled con-
ditions [7] provided c¢-3-amino-2,3-dihydro-¢-3-methyl-r-2-
phenyl-4H-1-benzopyran-4-one (15), whereas the Staudin-
ger reaction [8] of 14 yielded the expected iminophos-
phorane 17 (Scheme 2). The attempted cycloaddition reac-
tion of 14 and diethyl acetylendicarboxylate [9), probably
because of steric hindrance, failed just like the planned
transformations of 17 into other nitrogen-containing
derivatives though iminophosphoranes, are considered as
utilizable intermediates [8,10].

Surprisingly, mesylate 1 showed low sensitivity toward
S-nucleophiles contrary to the observed high reactivity of
2,3-trans-2,3-dihydro-3-mesyloxy-2-phenyl-4H-1-benzo-
pyran-4-ones [la,3c] and other a-ketomesylates [11].
Mesylate 1 reacted with potassium thiocyanate only in the
presence of a phase-transfer-catalyst and gave a small
amount of 2,3-dihydro-c-3-isothiocyanato-t-3-methyl-r-2-
phenyl-4H-1-benzopyran-4-one (18) in addition to 8 as the
major product. It is noteworthy that a similar reaction of
a-ketomesylates and a-haloketones was reported to give
exclusively o-thiocyanatoketones [3b,12]. Our efforts to
synthesize 18 from 17 in refluxing carbon disulfide [8] was
unsuccessful. Reaction of 1 with potassium thiolacetate
resulted in extensive degradation and no product could be
isolated.

Treatment of 1 with tetrabutylammonium bromide in
hot DMF furnished solely 8 and only traces of 2b could be
detected by tle. c¢-3-Bromo-2,3-dihydro-t-3-methyl-r-2-
phenyl-4H-1-benzopyran-4-one (19) can be proposed as the
primary product which readily transforms into 8 in a
secondary elimination process.

These experiments reveal that the reaction of mesylate
1 with nucleophiles (especially with O- and N-nucleophiles)
offers a convenient synthetic method for the preparation
of 2,3-dihydro-c-3-substituted-¢-3-methyl-r-2-phenyl-4H-1-
benzopyran-4-ones not available by other procedures.

The observed inversion during the displacement reac-
tion, the importance of the steric factors, the lack of any
rearrangement and the fact that o-ketocarbonium ions
have been reported to form under acidic conditions [13],
all these arguments are consistent only with a sterically
hindered, energetically unfavourable Sy2-type substitu-
tion reaction. At the same time, the clear differences in the
reactivity and selectivity of 1 and 2,3-trans-2,3-dihydro-3-
mesyloxy-2-phenyl-4H-1-benzopyran-4-ones [1a,3] toward
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various nucleophiles indicate functioning of a quite dif-
ferent and more complex mechanism in the reactions of
these latter substrates.

EXPERIMENTAL

Melting points were determined on a Kofler apparatus and are uncor-
rected. The ir spectra were recorded with a Perkin-Elmer 283 instrument
in potassium bromide discs. The pmr (200 MHz) and proton decoupled
cmr (50.3 MHz) spectra obtained on Bruker WP 200 SY spectrometer in
deuteriochloroform solutions unless otherwise stated. Tetramethylsilane
was used as internal standard and chemical shifts are quoted in parts per
million. The mass spectra were recorded with a VG 7035 ge-ms system,
electron impact at 70 eV unless otherwise specified. Kieselgel 40 or 60
(Merck, 0.063-0.2 mm) was used for column chromatography.

2,3-Dihydro-t-3-hydroxy-c-3-methyl-r-2-phenyl-4H-1-benzopyran-4-one
(2a).

A suspension of 3 [4] (5.8 g, 24.34 mmoles) in ethanol (60 ml) and 50%
aqueous sodium hydroxide solution (15 ml) was stirred at room tempera-
ture and 30% aqueous hydrogen peroxide was added over a period of
180 minutes. After 24 hours the mixture was acidified with hydrochloric
acid and diluted with water (ca. 800 ml).

The precipitate was filtered off and crystallized from petroleum ether
to give 3.15 g (51 %) of 2a, mp 108-109°, lit [4] mp 107-107.5°; ir: 3470
(OH), 2980, 2870 (CH,), 1690 (C=0), 1305, 1230 (flavanone skeleton);
pmr: 7.72 (dd, 1H, H-5), 5.12 (s, 1H, H-2), 3.65 (s, 1H, OH) 1.13 (s, 3H,
CH); ms: 254 (M*, 2), 211 (100), 183 (10), 181 (5), 165 (5.5), 133 (100), 121
(36), 105 (13), 91 (30), 77 (22).

2,3-Dihydro-t-3-mesyloxy-c-3-methyl-r-2-phenyl-4H-1-benzopyran-4-one
(1) and ¢-9b-Hydroxy-c-3a-methyl-r-4-phenyl-1,3a,4,9b-tetrahydro[1,2}-
oxathiolo[5,4-c][1]benzopyran 2,2-Dioxide (4).

To a cooled (0°) solution of 2a (13.0 g, 51.12 mmoles) in pyridine (140
ml) was added mesyl chloride (9.7 ml, 0.128 mole) and allowed to stand at
room temperature for 9 days. The mixture was poured into crushed ice,
the precipitated solid was collected, washed with water and separated by
fractional crystallization from petroleum ether to yield 1 (6.07 g, 36%) as
the more soluble component, mp 110-112°; ir: 2937 (CH,), 1695 (C=0),
1355, 1166 (S0O,), 1304, 1236 (flavanone skeleton); pmr: 7.59 (dd, 1H,
H-5), 5.75 (s, 1H, H-2), 3.07 (s, 3H, CH,S0,), 1.39 (s, 3H, CH,); cmr
(DMSO-d,): 183.76 (C-4), 159.91 (C-8a), 137.30 (C-7), 133.03 (C-1'), 122.78
(C-6), 118.61 (C-4a), 118.02 (C-8), 88.21 (C-3), 82.83 (C-2), 41.26 (CH,S0,)
17.06 (CH,); not assigned signals: 128.89, 128.07, 127.88, 127.49; ms: 332
(M*", 2), 253 (100), 238 (12.5), 237 (12.5), 236 (20), 235 (43), 223 (15), 212
(6), 181 (10), 161 (33.5), 147 (35.5), 133 (66), 121 (41), 120 (11), 116 (28),
105 (35), 91 (15), 77 (57).

Anal. Caled. for C,,H,,0,S: C, 61.43; H, 4.85; S. 9.65. Found: C, 61.99;
H, 4.72; S, 9.64.

The less soluble product was identified as 4 (3.07 g, 18%), mp 183-186
dec; ir: 3498 (OH), 2958, 2890 (CH.,), 1358, 1171 (S0,), 1239, 1050 (flavan
skeleton), 1189 (C-OH); pmr (DMSO-d,): 7.59 (dd, 1H, H-9), 6.99 (dd, 1H,
H-6), 6.69 (s, 1H, OH deuterium oxide exchangable), 5.75 (s, 1H, H-4),
4.58 (d, 1H, H-1 endo, J 5 = 14.5 Hz), 4.20 (d, 1H, H-l exo, Jup = 145
Hz), 1.24 (s, 3H, CH,), nOe: irradiation of OH, H-9 (12%), H-1 exo 3.2%),
CH; (6.8%), irradiation of H-4: Ar-H (17.7%), H-1 endo (10.6%), irradia-
tion of CH,, Ar-H (11%), OH (13%); cmr (DMSO-d,): [14] 152.15 (C-5a),
134.72 (C-17), 129.92 (C-7), 125.26 (C-9a), 122.15 (C-8), 116.70 (C-6), 90.06
(C-3a), 78.39 (C-4), 77.38 (C-9b), 58.71 {C-1), 13.08 (CH,); not assigned
signals: 128.54, 128.36, 128.02, 127.78; ms: 332 (M*', 5), 237 (100), 225
(12), 199(10), 178 (3), 162 (5), 147 (7), 134 (25), 121 (35), 105 (20), 91 (17.5),
77 (18).

Anal. Caled. for C,,H,,0,S: C, 61.43; H, 4.85; S, 9.65. Found: C, 60.93;
H, 4.89; S, 9.53.

3a,4-Dihydro-c-3a-methyl-r-4-phenyl[1 ,2Joxathiolo[4,5-c][1]benzopyran
2,2-Dioxide (5).
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A solution of 4 (586 mg, 1.76'mmoles) in trifluoroacetic acid (18 ml)
was refluxed for 45 minutes, evaporated to dryness and residue was
purified by column chromatography (benzene) to afford 5 (174 mg, 31%)
as white crystals, mp 198-199°; ir: 1630 (C=C), 1335, 1168, 1152 (50,),
1214, 1011 (flavan skeleton); pmr: 6.76 (s, 1 H, H-1), 5.32 (s, 1H, H-4), 1.48
(s, 3H, CH,); ms (30 eV) 314 (M*", 5.5), 250 (100), 249 (15), 235 (8), 207
(90), 178 (44), 173 (13), 149 (41), 145 (20), 134 (10), 115 (16), 105 (25), 97
(23), 83 (25), 77 (24.5).

Anal. Calcd. for C,H,,0,S: C, 64.95; H, 4.49; S, 10.20. Found: C,
64.71; H, 4.53; S, 10.17.

c-3-Acetoxy-2,3-dihydro-t-3-methyl-r-2-phenyl-4H-1-benzopyran-4—one (7b)
and 2,3-dihydro-c-S-hydroxy-t-S-methyl-r-2-phenyl-4-H-l-benzopyran-4-one
(2b).

A mixture of 1 (1g, 3.01 mmoles), anhydrous potassium acetate (0.6 g,
6.11 mmoles) and dry DMSO (20 ml) was heated at 100° for 10 hours
then poured into brine, extracted with ethyl acetate and dried
(magnesium sulfate). The residue, obtained by evaporation of the solvent,
was fractionated by column chromatography (benzene) to yield 52.5 mg
(5.3%) of unreacted 1 and 83 mg (9.3%) of 7h, mp 168-170° (petroleum
ether); ir: 1746 (ester C=0), 1696 (ketone C=0), 1310, 1228, 1023
(flavanone skeleton), 1243, 1037 (ester C-0-C); pmr: 7.85 (dd, 1H, H-5),
5.18 (s, 1H, H-2), 1.96 (s, 3H, CH,CO0Q), 1.45 (s, 3H, CH,); nOe: irradia-
tion of CH,, H-2 (14 %), irradiation of H-2: Ar-H (15%), CH; (3%); cmr:
[14] 189.68 (C-4), 169.2 (CH,CO), 160.06 (C-8a), 135.45 (C-7), 134.62(C-1"),
121.85 (C-6), 119.92 (C-4a), 117.24 (C-8), 85.95 (C-2), 78.80 (C-3), 20.83
(CH,CO0), 17.12 (CH;); not assigned signals: 129.14; 128.94, 128.84,
128.42, 128.24, 127.96; ms: 296 (M*", 5), 254 (64), 236 (8), 235 (6), 253 (9),
211 (100), 183 (4.5), 181 (8), 148 (17.5), 147 (13.5), 134 (59), 133 (54), 121
(72), 116 (11), 105 (21), 91 (21), 77 (15).

Anal. Caled. for CH,,0,: C, 73.57, H, 5.44. Found: C, 73.11; H, 5.05.

Further elution afforded 69 mg (9.0%) of 2b, mp 144-146 (petroleum
ether-ethyl acetate); ir: 3440 (OH), 2973, 2885 (CH,), 1679 (C=0), 1301,
1230, 1008 (flavanone skeleton), 1145 (C-OH); pmr: 7.90 (dd, 1H, H-5),
5.34 (s, 1H, H-2), 3.07 (s, 1H, OH), 1.51 (s, 3H, CH,); nOe: irradiation of
CH,, H-2 (9.6%), OH (3.4%); ms: 254 (M*", 9), 235 (4), 211 (87), 183 (7),
181 (4), 165 (4.5), 133 (100), 121 (46), 105 (9), 91 (25), 77 (13).

Anal. Caled. for C,(H,,0,: C, 75.57; H, 5.55. Found: C, 75.51; H, 5.40.

Next eluted fraction yielded 115 mg (16%) of 3-methyl-2-phenyl-4H.-1-
benzopyran-4-one (8).

t-3-Acetoxy-2,3-dihydro-c-3-methyl-r-2-phenyl-4H-l-benzopyran-4-one
(7a).

A solution of 2a (0.5 g, 1.97 mmoles) and acetic anhydride (2 ml) in dry
pyridine (5 ml) was heated at 100° for 9 hours, poured into water and the
precipitate was filtered off to yield 7a (459 mg, 79%), mp 148-149°
(benzene-petroleum ether), lit [4] mp 140-141°; ir: 2988 (CH,), 1753 (ester
C=0), 1702 (ketone C=0), 1296, 1233, 1014 (flavanone skeleton), 1245,
1033 (ester C-0-C); pmr: 8.00 (dd, 1H, H-5), 6.28 (s, 1H, H-2), 2.15 (s, 3H,
CH,CO), 1.35 (s, 3H, CH,); cmr: 191.04 (C-4), 169.86 (CH,CO), 160.58
(C-8a), 136.08 (C-7), 134.50 (C-1), 122.36 (C-6), 119.50 (C-4a), 117.93 (C-8),
81.32 (C-3), 80.42 (C-2), 21.04 (CH,CO), 16.45 (CH,); not assigned signals:
128.65, 128.28, 128.14, 128.12; ms: 296 (M*", 3), 254 (35), 253 (8), 236 (78),
235 (77.5), 211 (100), 183 (5.5), 181 (11), 148 (7), 147 (16), 134 (50), 133
(68), 121 (63), 120 (3.5), 115 (14), 105 (22), 91 (24.5), 77 (24).

Attempted acid-catalyzed acetylation of 2a according to lit [4] failed to
give 7a.

3-Methyl-2-phenyl-4H-1-benzopyran-4-one (8).

A solution of 1 (332 mg, 1 mmole) and tetrabutylammonium bromide
(650 mg, 2.02 mmoles) in dry DMF (10 ml) was heated at 100° for 15
hours then poured into brine and extracted with methylene chloride. The
dried and concentrated extract was purified by column chromatography
(benzene) to afford 153 mg (65%) of 8, mp 74-75° (petroleum ether), lit
[15] 72-74; ir: 1638 (C=0), 1616 (C=C), 1371, 1135 (flavone skeleton),
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pmr: 8.28 (dd, 1H, H-5), 2.15 (s, 1H, CH;) and 15 mg (4.5%) of unreacted
1
Only traces of Zb could be detected by tlc.

Solvolysis of Mesylate 1. 2,3-Dihydro-c-3-hydroxy-¢-3-methyl-r-2-phenyl-
4H.1-benzopyran-4-one (2b) and 3-Methyl-2-phenyl-4H-1-benzopyran-4-
one (8).

A solution of 1 (332 mg, 1 mmole) in DMF (10 ml) and water (1 ml) was
heated at 100° for 80 hours then poured into water, extracted with
methylene chloride. The evaporated extract was fractionated by column
chromatography (ethylene dichloride:benzene (3:1, v/v)) to afford 109 mg
(43%) of 2b and 96 mg (41%) of 8.

The reaction was repeated using a mixture of dry DMF (10 ml) and dry
methanol (1 ml) as solvent. After 105 hours the workup gave 82.5 mg
(33%) of 2b and 113 mg (48%) of 8 besides 39 mg (12%) of unreacted
starting 1. No traces of 13 could be detected.

When the reaction was repeated using a mixture of dry DMF (15 ml)
and isopropylamine (0.5 ml) the workup after 65 hours afforded 40 mg
(16%) of 2b, 44 mg (17%) of 8 and 24 mg (7.2%) of unchanged 1. No
traces of 2,3-dihydro-3-isopropylamino-3-methyl-2-phenyl-4H-1-benzo-
pyran-4-one (11) could be isolated.

When a solution of 1 (332 mg, 1 mmole)in dry DMF (10 ml) was heated
in a sealed tube at 100° for 80 hours, the workup yielded 71 mg (28%) of
2b, 117 mg (50%) of 8 and a new product identified as 12 (44 mg, 16%),
mp 143-145° (hexane-ethanol); ir: 2922 (CH), 1733 (ester C=0), 1697
(ketone C=0), 1304, 1229, 1011 (flavanone skeletone), 1156 (ester
C-0-C); pmr: 7.96 (s, 1H, OCHO), 7.92 (dd, 1H, H-5), 5.23 (s, 1H, H-2),
1.51 (s, 3H, CH,); nOe: irradiation of CH;, OCHO (4.4%), H-2 (11.3%), ir-
radiation of H-2, Ar-H (15.8%), CH, (3.8%); ms: 282 (M*", 5), 253 (3), 236
(6), 235 (7), 211 (100), 183 (7.5), 181 (6.5), 148 (9), 147 (6.5), 134 (54), 133
(80), 121 (88.5), 115 (21.5), 105 (16.5), 91 (49), 77 (25).

Anal. Caled. for C,,H,,0,: C, 72.33; H, 5.00. Found: C, 72.11, H, 5.12.

¢-3-Butylamino-2,3-dihydro-¢-3-methyl-r-2-phenyl-4H-1-benzopyran-4-one
).

A mixture of 1 (332 mg, 1 mmole), butylamine (0.2 ml, 2.02 mmoles)
and dry DMF (10 ml) was allowed to stand at room temperature for 50
days, then poured into water and extracted with methylene chloride. The
concentrated extract was separated by column chromatography
(petroleum ether:ethyl acetate (4:1, v/v)) to afford 9 (183 mg, 59%), mp
114-115° (hexane); ir: 3306 (NH), 2952, 2869 (CH,), 2921, 1467, 1460
(CH,), 1675 (C=0), 1323, 1299, 1230, 1008 (flavanone skeleton); pmr:
8.00 (dd, 1H, H-5), 5.12 (s, 1H, H-2), 2.35 (m, 2H, NCH,), 1.63 (s, 1H, NH),
1.26 (m, 4H, CH,CH,), 1.1 (s, 3H, CH,), 0.79 (1, 3H, CH,CH,); nOe: irradi-
ation of CH,;, H-2 (13%).

Anal. Caled. for C,0H,,NO,: C, 77.64; H, 7.49; N, 4.53. Found: C, 77.33;
H, 7.45; N, 4.57.

Further elution afforded 56 mg (17%) of unreacted 1 and 14 mg
(5.9%) of 8.

The reaction was repeated at 100° (reaction time, 18 hours) and the
workup afforded 56 mg (18%) of 9, 64 mg (25%) of 2b, 8 mg (3.4%) of 8
and 12 mg (3.6%) of unchanged 1.

2,3-Dihydro-c-3-isopentylamino-¢-3-methyl-r-2-phenyl-4H-1-benzopyran-
4-one (10).

A solution of 1 (332 mg, 1 mmole) and isopentylamine (0.6 ml, 5.16
mmoles) in dry DMF (10 ml) was heated at 100° for 42 hours and worked
up as described for the preparation of 9. Column chromatography
(benzene) yielded 10 (55 mg, 17%), mp 133-136° (hexane); ir: 3305 (NH),
2947 (CH,), 2920, 2861 (NCH,), 1674 (C =0), 1298, 1228, 1009 (flavanone
skeleton); pmr: 8.00 (dd, 1H, H-5), 5.11 (s, 1H, H-2), 2.40 (m, 2H, NCH,),
1.62 (br s, 1H, NH), 1.51 (m, 1H, CH), 1.21 (m, 2H, CH,), 1.11 (s, 3H, CH,),
0.77 (2d, each of 3H, CH(CH,),); ms: 323 (M*", 85), 294 (9), 249 (6.5), 248
(1), 238 (16.5), 218 (20), 209 (12), 203 (100), 181 (16), 161 (19), 160 (39), 147
(66), 146 (67), 144 (28.5), 132 (27.5), 121 (33), 120 (19), 117 (33), 115 (45),
112 (23.5), 105 (16), 103 (17), 92 (48), 91 (51.5), 77 (29), 71 (40).

Anal. Caled. for C, H,)NO,: C, 77.98; H, 7.79; N, 4.33. Found: C, 77.85;
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H, 7.64; N, 4.43.
Further elution gave 44 mg (17%) of 2b, 36 mg (15%) of 8 and 29 mg
(8.7%) of unchanged 1.

¢-3-Azido-2,3-dihydro-¢-3-methyl-r-2-phenyl-4H-1-benzopyran-4-one (14).

A mixture of 1 (0.5 g, 1.5 mmoles), sodium azide (0.25 g, 3.84 mmoles)
and DMF (12.5 ml) was stirred at room temperature for 75 hours then
poured into water and extracted with ether. The concentrated extract
was crystallized from hexane:ethanol (20:1, v/v) to give 283 mg (67%) of
14, mp 125-127.5%; ir: 2982, 2879, (CH,), 2103, 1260 (N,), 1672 (C=0),
1307, 1229 (flavanone skeleton); pmr: 8.04 (dd, 1H, H-5), 5.10 (s, 1H, H-2),
1.37 (s, 1H, CH,); nQe: irradiation of CH;, H-2 (5%).

Anal. Caled. for C,;H,,N,O,: C, 68.81; H, 4.69; N, 15.05. Found: C,
69.28, H, 4.88; N, 14.68.

The mother liquor was fractionated by preparative tlc (Kieselgel 60
F.s4, benzene:ethyl acetate (4:1, v/v)) to afford 21 mg (5.0%) of 14,6 mg
(1.7%) of 8 and 5 mg (1.0%) of unreacted 1.

The pmr investigation of the reaction mixture after workup precluded
the presence of the epimeric ¢-3-azido-2,3-dihydro-c-3-methyl-r-2-phenyl-
4H-1-benzopyran-4-one.

¢-3-Amino-2,3-dihydro-t-3-methyl-r-2-phenyl-4H-1-benzopyran-4-one  (15)
and c-3-Acetamido-2,3-dihydro-¢-3-methyl-r-2-phenyl-4H-1-benzopyran-4-
one (16).

A mixture of 14 (104 mg, 0.37 mmole), 5% palladium on calcium car-
bonate (45 mg) and ethanol (20 ml) was hydrogenated at room tempera-
ture. Having terminated the reduction (tlc check) the catalyst was filtered
off, the filtrate was poured into diluted hydrochloric acid and washed
with ether. The acidic fraction was neutralized with ammonium hydrox-
ide, extracted with ether, the extract was dried and evaporated in vacuo
to give 15 (86 mg, 91%), mp 88-89° (hexane:ethyl acetate (10:1, v/v)); ir
(carbon tetrachloride): 3392, 3927 (NH.), 2980 (CH,), 1697 (C=0), 1307,
1228 (flavanone skeleton); pmr: 8.02 (dd, 1H, H-5), 5.13 (s, 1H, H-2), 1.78
(br s, 2H, NH,), 1.21 (s, 3H, CH,).

Anal. Caled. for C,;H,,NO,: C, 75.87; H, 5.97; N, 5.53. Found: C, 75.70;
H, 5.67; N, 5.27.

A solution of 15 (125 mg, 0.49 mmole) and acetic anhydride (1 ml) in
dry pyridine (5 ml) was allowed to react at room temperature for 4 days,
poured into diluted hydrochloric acid and extracted with ether. The
residue obtained by evaporation of the solvent was crystallized from
hexane:benzene (10:1, v/v) to yield 81.5 mg (56%) of 16, mp 90-92°; ir:
3370 (NH), 1691 (C=0), 1668 (amide), 1324, 1300, 1216 (flavanone
skeleton); pmr: 8.01 (dd, 1H, H-5), 6.76 (br s, 1H, NH), 6.43 (s, 1H, H-2),
1.92 (s, 3H, CH,), 1.87 (s, 3H, NHCOCH,).

Anal. Calcd. for C,,;H,,NO,: C, 73.20; H, 5.80; N, 4.74. Found: C, 73.35;
H, 5.71; N, 4.65.

2,3-Dihydro-t-3-methyl-r-2-phenyl-c-3-(triphenylphosphoranediylamino}-
4H-1-benzopyran-4-one (17).

A solution of 14 (283 mg, 1.01 mmoles) and triphenylphosphine (280
mg, 1.07 mmoles) in dry ether (15 ml) was allowed to stand at room tem-
perature until the reaction completed (20 days). The precipitated crystals
were collected to afford pure 17 (161 mg, 31%), mp 186-188°; ir: 2966
(CH,), 1676 (C=0), 1433, 1106 (C-P), 1327 sh, 1317 (N=P), 1299, 1234
(flavanone skeleton); pmr (DMSO-d¢): 5.22 (d, 1H, H-2, 4p_y = 84 Hz),
0.83 (s, 3H, CH,); cmr (deuteriochloroform-DMSO-d): [14] 182.97 (d, C-4,
3 p_c = 3.5 Hz), 160.25 (C-8a), 134.35 (C-7), 133.91 (C-17), 131.75 (d, C-2",
Jp_c = 9.9 Hz), 127.68 (d, C-3", 3 p_¢ = 11.7 Hz), 120.35 (C-6), 119.74
(C-4a), 116.59 (C-8), 87.14 (d, C-2, 3 p_c = 17.1 Hz),60.51(d, C-3, Fp_c =
2 Hz), 21.03 (d, CH,, 3Jp.c = 4.1 Hz); not assigned signals: 136.67,
131.93, 130.71 (d), 129.05, 127.40, 126.78; ms: 513 (M*", 42), 498 (2), 484
(2), 408 (8), 393 (10), 302 (4), 277 (22), 262 (82), 234 (12), 209 (16), 185
(100), 183 (53), 167 (18), 152 (9), 108 (26), 105 (10.5), 77 (16).

Anal. Caled. for C,,H,,NPO,: C, 79.52; H, 5.50; N 2.73. Found: C,
79.89; H, 5.31; N, 2.62.

The filtrate of the reaction mixture was evaporated in vacuo and the
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residue was crystallized from diisopropyl ether to give further 137 mg
(26%) of 17.

The reaction was repeated starting from 420 mg (1.50 mmoles) of 14 in
hot diisopropyl ether (15 ml) (reaction time, 6.5 hours) and 563 mg (73%)
of 17 was obtained.

2,3-Dihydro-c-3-isothiocyanato-t-S-methyl-r-2-phenyl~4H-l-benzopyran-
4-one (18) and 3-Methyl-2-phenyl-4H-1-benzopyran-4-one (8).

A mixture of 1 (582 mg, 1.75 mmoles), potassium thiocyanate (350 mg,
3.60 mmoles), 18-crown-6 (119 mg, 0.45 mmole) and dry acetonitrile (15
ml) was refluxed for 114 hours, the precipitate was filtered off, washed
with ether, the combined filtrates were concentrated and separated by
column chromatography to furnish 41 mg (7.9%) of 18 as a pale yellow
oil: ir (carbon tetrachloride): 2014 s (NCS), 1705 (C=0), 1299, 1225, 1038
(flavanone skeleton); pmr: 8.03 (dd, 1H, H-5), 5.11 (s, 1H, H-2), 1.41 (s, 3H,
CH.), nOe: irradiation of CH,, H-2 (8.5%); ms: 295 (M*, 33), 238 (25), 236
(17.5), 235 (16.5), 223 (11), 197 (17), 175 (97.5), 161 (17.5), 142 (16), 138
(18), 121 (64), 119 (92), 117 (100), 105 (29.5).

Anal. Caled. for C,,H ,NO,S: N, 4.74; S, 10.86. Found: N, 4.83; S,
10.70.

Further elution afforded 348 mg (84%) of 8 and 24 mg (4.1%) of

unreacted 1.
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