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Abstract. A series of spiro[2,5-cyclohexadiene-l,1’(3’H)-isobenzof~l3’-ones were prepared from metallated 

benzamides and 4,4-dimethoxycyclohexadienone. Rearrangement of these spirodienones under a variety of 

conditions gave subs&&d 6IMibenzo[b.dJpyran-6-ones. Rearrangements in aqueous sulfuric acid gave products 

of formal O-migration while rearrangements in trifluoroacetic anhydride-trifluoroacetic acid-sulfuric acid usually 

gave C-migration products. 

Substituted 6H-dibenzo[b,dJpyran-6-ones are widespread in nature. For example, fasciculifeml(1) and 
alternariol(2) have been isolated from the heartwood of ttees,l autumnarlal(3) has been obtained from lilies,2 
and dibenzopyranones 4 and 5 have been isolated from plants that grow in the Western Himalayas as well as 
scent gland secretions from beaver.334 In addition, 6H-dibenzo[b,djpyran-6-ones have been used as late 
intermediates in the synthesis of cannibinol (6) and other cannabinoids,5 appear as a substructure in the 
defucogilvocarcin (7) and related natural products, 6 and exhibit cytotoxic and other biological properties.7 
Many approaches to 6H-dibenzo[b,apyran-6-ones have been developed.8 These methods include (1) copper- 
catalyzed condensation of 2-bmmobenzoic acids with phenols (the Hurtley reaction) and related processes9 (2) 
oxidative and other cyclizations of biphenyl-2-carboxylic acids lo (3) photochemical, thermal, transition metal 
and acid mediated cydizations of 2’-substituted biphenyl-2-carboxylic acids 11 (4) Bayer-Villiger oxidation of 
9-fluorenones12 (5) biomimetic cyclization of polyketides 13 (6) Pechmann condensation-oxidation 
sequences14 (7) elaboration of coumarins using cycloaddition-oxidation sequences15 and (8) acid and base 
mediated rearrangements of spiro[2,5-cyclohexadiene-l,l’(3’H)-isobenzofur~]-3-ones.l6~17 Due in part to 
our interest in the gilvocarcin family of antitumor antibiotics, we have examined the last of these methods of 6H- 
dibenzo[b,d]pyran-6-one synthesis in some detail. l8 These studies have revealed new conditions for 
conducting this transformation and our results are reported here. 

Nearly thirty years ago Hey, Leonard and Rees reported that treatment of spirodienone 8 with 15% 
aqueous sulfuric acid at reflux afforded dibenzopyranone 4 in 80% yield. l6 They also showed that treatment of 
8 with 10% aqueous sodium hydroxide at reflux gave an isomeric dibenzopyranone 4 in 70% yield. It was 
proposed that these isomers were formed by dienone-phenol type rearrangements that involved formal O- 
migration (8 + 4) and C-migration (8 + 9), respectively.19 
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1 R1=Rr=H Rg=R9=Rtc=OH 
2 Rt=Me Rta=H Rs=Rr=Rs=OH 
3 Rt=Me Rg=Rta=H Rs=R7=OH 
4 R1=Rr=Rs=Rto=H Rs=OH 
5 Rt=Rr=Rg=Rta=H Rs=OMe 

We began our studies with a reexamination of these reactions as shown below. Spirodienone 8 was 
prepared in 52% yield by sequential treatment of N-phenylbenzamide with two equivalents of n-butyllithium and 
an excess of 4,4dimethoxycyclohexadienone, 2. followed by an aqueous hydrochloric acid work-up. We were 
able to reproduce the results of the Hey group without difficulty. Thus, treatment of 8 with 50% aqueous 
sulfuric acid at reflux for 2 h, followed by methylation of the crude reaction mixture (potassium carbonate and 
dimethyl sulfate in acetone at reflux) gave phenolic ether 5 in 88% yield (condition A). In our hands, treatment 
of 8 with 10% aqueous sodium hydroxide at reflux for 1.5 h, followed by methylation of the crude product, 
gave a 955 mixture of the C-migration product 10 and the O-migration product 5, respectively, in 42% yield 
(condition B). We were surprised to find, however, that treatment of 8 with a 2:l mixture of trifluoroacetic 
anhydride and trifluoroacetic acid containing a trace of sulfuric acid gave an 86% yield of C-migration product 

10 after hydrolysis and methylation of the presumed intermediate trifluoroacetate (condition C). The difference 
in behavior of 8 under the aforementioned acidic conditions is notable. Even more remarkable was the 
observation that treatment of 8 with a 2: 1 mixture of acetic anhydride and acetic acid containing a trace of sulfuric 
acid gave the O-migration product 5 (92%) after hydrolysis and methylation of the crude mixture of products. 
Thus, the rearrangement path followed by 8 is very sensitive to reaction conditions. Although no mechanistic 
studies were performed, it is probable that the formal O-migration products result from sequential conjugate 
addition of an oxygen nucleophile (water or acetic acetic acid) to dienone 8, aromatization with elimination of the 
lactone oxygen, and lactonization of an intermediate 2’-hydroxybiphenyl-2-carboxylate. The rearrangement in 
base may involve lactone hydrolysis followed by rearrangement of an intermediate 4-oxido-4- 
arylcyclohexadienone as previously suggested by Hey. 16 The difference between the acetic acid and 
trifluoroacetic acid mediated rearrangements may be related to the difference in nucleophilicities of acetate and 
nifluoroacetate as well as relative acid strengths. 

We next examined the series of substituted spirodienones (lla-lle) shown in Figure 1. With the 
exception of lld, the spirodienones were prepared from 4,4-dimethoxycyclohexadienone ~IILI the lithium 
dianions derived from appropriately substituted benzamides (14) in the yields indicated below structure 11.21~22 
The aryllithium derived from metallation of oxazoline 15 (R8 = R9 = H and Rio = Cl) provided a superior yield 

of lld. 
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RO 

4 R=H 5 R=Me 

~ A ‘v BorC, & 

0 OR 

8 9 R=H 10 R=Me 

(A) 1. 50% aqueous HzS04, A 2. KzC03, M%SO4 (B) 1. 10% aqueous NaOH, A 2. KzC03. MqS04 
(C) 1. (CF3CO)2OXF3CO~H-H~SO4, A 2. KzC03. MeOH 3. K2CO3, MQSO~ 

The results of a series of rearrangement studies are documented in Table 1. Each substrate was subjected 
to the three rearrangement conditions mentioned above. The structures of the products (12 and 13) were 
assigned on the basis of spectroscopic data. The chemical shifts of Hq in 12 and Hi in 13 clearly distinguished 
between the formal O-migration and C-migration products. For example, Hq always appeared as doublet (J = 2- 
3 Hz) in the 6 6.6-6.9 chemical shift range while HI (13) appeared as a doublet (J = 2-3 Hz) at about 6 7.4 for 
5, 13c and 13e and at about 6 8.5 for 13a and 13b. The downfield shift of Hi in 13 is indicative of the 

sterically conjested environment of this proton. 

Figure 1 

11 

a Rs=R9=H Rlo=OMe (88%) 
b Rg=Me Rg=H Rlo=OMe (79%) 
c Rg = RIO = H R9 = OMe (59%) 
d Rs=Rg=H Rlo=CI (88%) 
e Rg=Rlo=H Rg=Cl (67%) 

12 

0 

Y 

RIO 

14 

RIO 

15 

The results indicate that rearrangements in aqueous sulfuric acid (entries 1,4,7, 10, 13, 16) consistently 
afford high yields of the formal O-migration product. Rearrangements using aqueous sodium hydroxide (entries 
2, 5, 8, 11, 14, 17) are unpredictable and usually proceed in low yield. Rearrangements in trifluoroacetic 
anhydride-trifluoroacetic acid-sulfuric acid consistently give rise to good yields of C-migration products (entries 
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3,6,9, 12) if the migrating aryl ring is unsubstituted or carries electron-donating substituents. Placement of an 
inductive electron-withdrawing group on the aryl ring, however, slows the rate of aryl migration relative to 
formal O-migration. For example, spirodienone lle gives a 1:l mixture of 12e:13e while spirodienone lld, 

where the chloro group is closer to the migrating center, affords only 12d. 

Tablel. Acid and Base Mediated Rearrangements of Spirodienones 8 and 11 

4 lla A 
5 lla B 
6 lla C 

7 llb A 
8 llb B 
9 llb C 

10 
11 
12 

llc 
llc 
llc 

13 lld 
14 lld 
15 lld 

16 lle 
17 lle 
18 lle 

A 
B 
C 

O-Migration Cub Bb SYieldc 

100 
5 

- 

100 
50 

100 
100 

100 
- 

100 
100 
100 

100 
- 
50 

- 
95 
100 

- 
50 
100 

- 
- 
100 

- 
- 
100 

- 

- - 

- 
- 
50 

88 
42d 
86 

86c 
38dvf 
78c 

79c 
26 

86e 

54 
0 

61 

60 

3”o 

70 
0 

55d 

a. Condition A = 1.50% aqueous H2SO4. A 2. K2CO3, Me2S04; Condition B = 1. 10% aqueous NaOH, 
A 2. K2CO3, Me2SO4; Condition C = 1. (CF3CO)2O-CF3CO2H-H2SO4, A 2. K2CO3, MeOH 3. 
K2CO3, Me2SO4. 

b. Instances where no O-migration or C-migration product were detected am indicated by a dash. The O- 
migration and C-migration products were 5 and 10, respectively in entries l-3. 

C. Yield of product after purification. 
d. Yield of purified mixture of products. Product ratios were determined by lH NMEL 
e. The phenolic prcduct produced in the dienone-phenol rearrangement was also isolated and characterized as 

described in the experimental section. 
f. It is notable that treatment of lla with 6% methanolic potassium methoxide gave 4’-hydroxy-2’,6- 

dimethoxybiphenyl-2-carboxylic acid in 78% yield (mp 22800 

In summary, the dienone-phenol rearrangement route to 6H-dibenzo[b,apyran-6-ones has been 
extended. Mom general conditions for accomplishing C-migration have been uncovered Electronic effects on 
the relative rates of formal O-migration and C-migration have been examined and, although numerous systems 
have not been studied, it appears that migration of electron rich aryl groups are more general than migration of 
electron deficient aryl groups. We imagine that this methodology will be suitable for the synthesis of several of 

the natural products described in the introduction. 
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Experimental 

General Information: All melting points were taken with a Thomas-Hoover capillary melting point 
apparatus and are uncorrected. lH Nuclear magnetic resonance spectra were recorded on Bruker AM-250 or 
Bruker AM-300 spectrometers and are reported in parts per million from internal tetramethylsilane on the 6 
scale. Data are reported as follows: chemical shift [multiplici 
coupling constants (in hertz), integration, interpretation]. ‘y 

(s = singlet, d = doublet, t = triplet, q = quartet), 
3C Nuclear magnetic resonance spectra were 

recorded on the aforementioned instruments and am reported in parts per million from internal tetramethylsilane 
as follows: chemical shift [multiplicity (s = singlet, d = doublet, t = triplet, q = quartet)]. Multiplicities were 
obtained from DEPT or INEPT spectra. Column chromate 
gel 60 (230-400 mesh). Oxazoline 15d23 and amides 14a, Y 

aphy was performed over EM Laboratories silica 
4 14b,25 14~26 and 14e27 arc known compounds 

and were prepared by standard methods as were N-phenylbenzamide and 4,4dimethoxycyclohexadien-one.20 

Preparation of a Spirodienone: Spiro[2,S-cyclohexadiene-l,1’(3’H)-isobenzofuran]-3’-one 
(8). To a solution of 2 g (11 mmol) of N-phenylbenzamide in 20 mL of tetrahydrofiuan was added 17.3 mL 
(24.7 mmol) of n-butyllithium (1.43 M in hexane) slowly at -780C under argon. The yellow solution was 
stirred for 0.5 h at -78oC, at OoC for 1.5 h, and then cooled to -780C. A solution of 2.29 g (17 mmol) of 4,4- 
dimethoxycyclohexadienone in 20 mL of tetrahydrofuran was added and the solution was stirred for 4 h. The 
mixture was diluted with 100 mL of ether and washed with three 100~mL portions of 3 N aqueous hydrochloric 
acid. The combined aqueous layers were extracted with three 50-1x& portions of ether. The combined organic 
layers were washed with 100 mL of brine and dried (MgS04). The organic phase was concentrated in vacua 
and the residue was recrystallized from methanol to afford 1.21 g (52%) of spirolactone 8 as white crystals: mp 
181-1820C (lit 189oC)l6,28; lR (CC4) 1776, 1675 cm - l; lH NMR (CDC13) 8 6.43 (dt, J =lO, 3 Hz, 2H, 
=CH), 6.65 (dt, J =lO, 3 Hz, 2H, =CH), 7.28 (d, J = 7.6 Hz, lH, H7), 7.63 (td, J = 7.4, 1 Hz, IH, H6), 
7.71 (td, J = 7.4, 1 Hz, lH, H5), 7.97 (d, J = 7.6 Hz, lH, IQ); 13C NMR (CDC13) 6 80.4 (s), 122.4 (d), 
125.7 (s) 126.8 (d). 129.9 (d), 130.7 (d), 135.1 (d), 144.3 (d), 146.6 (s), 168.9 (s), 184.2 (s); exact mass 
calcd. for Cl3H803 m/e 212.0474, found m/e 212.0470. Anal. calcd. for Cl3H803: C, 73.59; H, 3.77. 
Found: C, 73.35; H, 3.83. 

7’-Methoxyspiro[2,S-cyclohexadiene-l,1’(3’~)-isobenzofuran]-3’one (lla). This spirodienone 
was prepared from N-phenyl-3-methoxybenzamide (14a) (8.81 mmol) and 4,4dimethoxycyclohexadienone 
(14.1 mmol) in 88% yield. Purification of the crude product was accomplished by chromatography over 100 g 
of silica gel (ethyl acetate-hexane, 1:2): mp 153-155OC; IR (CHC13) 1775, 1675 cm-l; lH NMR (CDC13) 6 
3.78 (s, 3H, OCH3), 6.41 (d, J = 10 Hz, 2H, =CH), 6.51 (d, J = 10 Hz, 2H, =CH), 7.11 (dd, J = 7, 2 Hz, 
lH, H6), 7.57 (m, 2H, Hq and H5); 13C NMR (CDCl3) 6 55.8 (q), 79.1 (s), 116.3 (d), 117.9 (d), 127.6 (s), 
130.44 (d), 132.7 (d), 133.1 (s), 142.5 (d), 154.7 (s), 168.9 (s), 184.6 (s); exact mass calcd for Cl4HlO04 
mle 242.0579, found m/e 242.0581. Anal. calcd. for Cl4HlO04: C, 69.40; H, 4.16. Found: C, 69.39; H, 
4.13. 

7’-Methoxy-S’-methylspiro[2,S-cyclohexadiene-l,1’(3’~)-isobenzofuran]-3’one (llb). This 
spirodien-one was prepared from N-phenyl-3-methoxy-5-methylbenzamide (14b) (1.24 mmol) and 4,4- 
dimethoxycyclohexadienone (2.6 mmol) in 79% yield. Purification of the crude product was accomplished by 
chromatography over 100 g of silica gel (ethyl acetate-hexane, 1:3): mp 190-193oC, lR (CH2C12) 1780, 1680 
cm-l; 1H NMR (CDC13) 6 2.45 (s, 3H, CH3), 3.74 (s, 3H, OCH3), 6.35 (d, J = 10.1 Hz, 2H, =CH), 6.5 (d, 
J = 10.1 Hz, 2H, =CH), 6.9 (s, lH, H6), 7.3 (s, lH, l-Q); 13C NMR (CDC13) 6 21.7 (9). 55.7 (q), 78.9 (s), 
117.4 (d), 118.0 (d), 127.6 (s), 130.2 (d), 130.4 (s), 142.8 (d), 143.7 (s), 154.3 (s), 169.0 (s), 184.7 (s); 
exact mass calcd for Cl5Hl204 m/e 256.0736, found m/e 256.0717. Anal. calcd. for Cl5Hl2O4: C, 70.29; 
H, 4.72. Found: C, 70.25; H, 4.82. 

6’-Methoxyspiro[2,S-cyclohexadiene-l,1’(3’H)-isobenzofuran]-3’-one (11~). This spirodienone 
was prepared from N-phenyl-4-methoxybenzamide (14~) (3.5 mmol) and 4,4dimethyoxyyclohexadienone (5.2 
mmol) in 59% yield. Purification of the crude product was accomplished by recrystallization from methanol- 
acetone-ether: mp 193-196oC, lR (CHC13) 1720 cm- I; 1H NMR (CDC13) 6 3.8 (s, 3H, OCH3). 6.4 (d, J = 
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10 Hz, 2H, =CH), 6.65 (d, J = 10 Hz, 2H =CH), 6.65 (d, J = 2.1 Hz, lH, H7), 7.1 (dd, J = 8.5, 2.1 Hz, lH, 
H5), 7.85 (d, J = 8.5 Hz, lH, H4); l3C NMR (CDC13) 6 56.1 (q), 79.6 (s), 105.9 (d), 117.7 (s), 118.3 (d), 
128.2 (d), 129.8 (d), 144.5 (d), 149.5 (s), 165.5 (s), 168.6 (s), 184.3 (s); exact mass calcd. for Cl4HlO04 
m/e 242.0579, found m/e 242.0571. Anal. calcd. for Cl4HlOO: C, 69.40, H, 4.16. Found: C, 69.32; H, 
4.20. 

7’-Chlorospiro[2,5-cyclohexadiene-l,1’(3’H)-isobenzofuran}-3’-one (lld). This spirodienone 
was prepared from oxazoline 1Sd (4.78 mmol), n-BuLi (4.78 mmol), and 4,4dimethyoxycyclohexadienone 
(7.2 mmol) in 88% yield. Purification of the crude product was accomplished by recrystallization from 
methanol-water: mp 175-175.5oC, IR (CHC13) 1781 cm- 1 ; lH NMR (CDCl3) 6 6.5 (s, 4H, CH=CH), 7.58- 
7.64 (m, 2H, H5 and H6), 7.9 (dd, J = 7.2, 1.4 Hz, lH, Hq); 13C NMR (CDCl3) 6 79.5 (s), 125.2 (d), 
128.3 (s), 130.0 (s), 131.9 (d), 132.4 (d), 136.0 (d), 140.7 (d), 142.3 (s), 167.5 (s), 184.1 (s); exact mass 
calcd. for Cl3H7C103 m/e 246.0083, found m/e 246.0086. Anal. calcd. for Cl3H7C103: C, 63.41; H, 2.85. 
Found: C, 63.72; H, 3.03. 

6’-Chlorospiro[2,5-cyclohexadiene-l,1’(3’H)-isobenzofuran}-3’-one (lle). This spirodienone 
was prepared from N-phenyl-4-chlorobenzamide (14e) (4.3 mmol) and 4,4dimethyoxycyclohexadienone (6.5 
mmol) in 67% yield. Purification of the crude product was accomplished by recrystallization from acetone- 
water: mp 157-158oC, IR (CC4) 1790 cm- 1; 1H NMR (CDC13) 6 6.4 (d, J = 10.1 Hz, 2H, =CH), 6.5 (d, J = 
10.1 Hz, 2H, =CH), 7.2 (d, J = 1.6 Hz, lH, H7), 7.6 (dd, J = 8.2, 1.6 Hz, lH, H5), 7.9 (d, J = 8.2 Hz, lH, 
H4); 13C NMR (CDC13) 6 79.8 (s), 122.9 (d), 124.1 (s), 127.9 (d), 130.3 (d), 131.5 (d), 142.0 (s), 143.4 
(d), 148.3 (s), 167.7 (s), 183.8 (s); exact mass calcd. for Cl3H7Cl03 m/e 246.0083, found m/e 246.0040. 
Anal. calcd. for Cl3H7C103: C, 63.41; H, 2.85. Found: C, 63.38; H, 2.88. 

Spirodienohe Rearrangement Using Aqueous Sulfuric Acid (Condition A): 3-Methoxy_6Zf- 
dibenzo[b,dlpyran-Cone (5). A mixture of 100 mg (0.47 mmol) of spirolactone 8 in 5 mL of 50% aqueous 
sulfuric acid was refluxed for 2 h. The milky white mixture was cooled to room temperature, diluted with 50 
mL of water, and 50 mL of saturated aqueous sodium bicarbonate was added slowly. The mixture was 
extracted with three 50-mL portions of ethyl acetate and the combined extracts were dried (MgS04) and 
concentrated in vacua. The residue was dissolved in 5 mL of acetone followed by addition of 324 mg (2.35 
mmol) of potassium carbonate and 296 mg (2.35 mmol) of dimethyl sulfate. The mixture was warmed under 
reflux for 16 h, diluted with 10 mL dichloromethane, and filtered. The filtrate was washed with three 25-mL 
portions of 10% aqueous citric acid and the aqueous washes were extracted with 25 m.L of dichloromethane. 
The combined organic layers were dried (MgSO4) and concentrated in vacua. The residue was crystallized from 
acetone-hexane to afford 94 mg (88%) of dibenzopyranone 5 as white crystals: mp 1441480C (lit 140- 
144oC)3929; IR (CC4) 1724 cm- 1; 1H NMR (CDC13) 6 3.9 (s, 3H, OCH3), 6.88 (d, J = 2.5 Hz, lH, Hq), 
6.92 (dd, J = 8.7, 2.5 Hz, IH, H2). 7.5 (t, J = 7.5 Hz, lH, H8), 7.8 (td, J = 7.5, 1.4 Hz, lH, Hg), 7.95 (d, J 
= 8.7 Hz, lH, Hl), 8.02 (d, J = 7.5 Hz, IH, HlO), 8.38 (dd, J = 7.5, 1.0 Hz, IH, H7); l3C NMR (CDC13) 6 
55.67 (q), 101.63 (d), 111.15 (s), 112.43 (d), 119.99 (s),121.04 (d), 123.75 (d), 127.70 (d),130.55 (d), 
134.83 (d), 135.17 (s), 152.63 (s), 161.46 (s), 161.49 (s); exact mass calcd. for Cl4HlO03 m/e 226.0629, 
found m/e 226.0618. Anal. calcd. for Cl4HlO03: C, 74.34; H, 4.43. Found: C, 73.77; H, 4.44. 

Spirodienone Rearrangement Using Aqueous Sodium Hydroxide (Condition B): 2-Methoxy 
6H-dibenzo[b,dJpyran-6-one (10). A mixture of 100 mg (0.47 mmol) of spirolactone 8 in 3 mL of 10% 
sodium hvdroxide was warmed under reflux for 1.5 h. The mixture was neutralized with 5 mL of 10% aaueous 
hydrochl&ic acid and extracted with three 25-mL portions of dichloromethane. The combined organic-layers 
were washed with two 50-mL portions of saturated aqueous sodium bicarbonate, dried (MgS04) and 
concentrated in vacua. The residue was dissolved in 2 mL of acetone, 324 mg (2.35 mmol) of potassium 
carbonate and 296 mg (2.35 mmol) of dimethyl sulfate were added, and the mixture was warmed under reflux 
for 1 h. The mixture was diluted with 20 mL of dichloromethane and filtered. The filtrate was washed with 150 
mL of 10% aqueous citric acid, dried (MgS04) and concentrated in vacua. The residue was chromatographed 
over 10 g of silica gel (hexane-ethyl acetate, 1: 10) to give 21 mg (42%) of a 19:l mixture of dibenzopyranone 10 
(vi& infra) and dibenzopyranone 5 (vide suppra) as a white solid (mp 111-I 14OC). The ratio of isomers 10 and 
5 was determined by integration of appropriate peaks in the 1~ NMR spectrum of the mixture. 
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Spirodienone Rearrangement Using Trifluoroacetic Anhydride-Trifluoroacetic Acid-Sulfuric 
Acid (Condition C): 2-Methoxy-6H-dibenzo[b,dlpyran-6-one (10). A mixture of 100 mg (0.47 tnmol) of 
spirolactone 8, 1 mL of trifluoroacetic acid, 2 mL of tritluoroacetic anhydride and 2 drops of concentrated 
sulfuric acid was warmed under reflux for 4.5 h. The solution was concentrated in vacua and the brown residue 
was dissolved in 3 mL of methanol ‘and 500 mg of potassium carbonate was added. The mixture was partitioned 
between 200 mL of dichloromethane and 150 mL of water. The aqueous phase was extracted with three 100- 
mL portions of dichloromethane. The combined organic phases were dried (MgSO4) and concentrated in vacua. 
The residue was dissolved in 10 mL of acetone and 323 mg (2.35 mmol) of potassium carbonate and 296 mg 
(2.35 mmol) of dimethyl sulfate were added. The solution was warmed under mflux for 3 h, diluted with 10 
mL of dichloromethane and filtered. The filtrate was dried (MgS04) and concentrated in vacua. The residue 
was chromatographed over 10 g of silica gel (ethyl acetate-hexanes, 1:lO) followed by recrystallization from 
methanol-water to afford 92 mg (86%) of dibenzopyranone 5 as a white solid: mp 118-119oC (lit 119- 
123oC)30; IR (CHC13) 1720 cm- 1; 1H NMR (CDCl3) 6 3.90 (s, 3H, OCH3), 7.02 (dd, J = 9, 2.9 Hz, lH, 
H3), 7.27 (d, J = 9.0. lH, Hq), 7.47 (d, J = 2.9 Hz, lH, Hl) 7.57 (td, J = 7.4, 1.0 Hz, lH, H8), 7.80 (td, J 
= 7.4, 1.4 Hz, lH, Hg), 8.04 (d, J = 8.1 Hz, lH, HlO), 8.40 (dt, J = 7.4, 1.0 Hz, lH, H7); 13C NMR 
(CDC13) 6 55.8 (q). 106.3 (d), 117.1 (d), 118.5 (s), 118.6 (d), 121.3 (s), 121.6 (d), 128.9 (d), 130.6 (d), 
134.6 (s), 134.7 (d), 145.5 (s), 156.3 (s), 161.3 (s); exact mass calcd. for Cl4HlO03 m/e 226.0629, found 
m/e 226.0630. 

3,10-Dimethoxy-6H-dibenzo[b,dpyran-6-one (12s). This compound was obtained from lla (0.83 
mmol) in 86% yield using condition A described above. The crude product was purified by recrystallization 
from ethyl acetate-hexane: mp 158-16OoC; IR (CH2C12) 1727 cm-l; 1~ NMR (C6D6) 6 3.20, (s, 3H, 
OCH3), 3.21 (s, 3H, OCH3), 6.55 (dd, J = 10, 1 Hz, lH, Hg), 6.7 (d, J = 2.5 Hz, lH, I-Q), 6.85 (dd, J = 
10, 2.5 Hz, lH, H2), 6.95 (t. J = 10 Hz, lH, H8), 8.25 (dd, J = 10, 1 Hz, lH, H7), 8.9 (d, J = 10 Hz, lH, 
Hl); 13C NMR (CDC13) 6 55.5 (q), 55.9 (9). 101.3 (d), 110.8 (s), 111.5 (d), 116.6 (d), 121.8 (s), 122.5 (d), 
124.5 (s), 127.9 (d), 129.5 (d), 152.2 (s), 156.5 (s), 160.5 (s), 161.5 (s); exact mass calcd for Cl5Hl204 
m/e 256.0736; found, m/e 256.0754. Anal. calcd. for Cl5Hl204: C, 70.29; H, 4.72. Found: C, 70.14; H, 
4.78. In this case the intermediate phenol (3-hydroxy-IO-methoxy-6H-dibenzo[b,dJpyrand-one) was isolated 
in 97% yield and characterized as follows: IR (CH2Cl2) 3000, 1728 cm-l; 1H NMR (acetone&j) 6 2.85 (br s, 
IH, OH), 4.10 (s, 3H), 6.78 (d, J = 1.5 Hz, lH, I-Q), 6.9 (dd, J = 10. I.5 Hz, lH, HZ), 7.53 (m, 2H, ArH), 
7.95 (m, lH, ArH), 8.85 (d, J = 10 Hz, lH, Hl); 13C NMR (acetone-Jo) 6 56.5 (q), 103.8 (d). 110.7 (s), 
113.1 (d), 117.2 (d), 122.5 (s), 122.8 (d), 125.2 (s), 128.8 (d), 130.8 (d), 153.3 (s), 157.6 (s), 159.6 (s), 
161.3 (s); exact mass calcd for Cl4Hl004 mle 242.0579; found, mle 242.0586. 

2,10-Dimethoxy-6H-dibenzo[b,dJpyran-6-one (13a). This compound was obtained from lla (0.83 
mmol) in 78% yield using condition C described above: mp 170-171oC, IR (CH2C12) 1725 cm-l; 1~ NMR 
(CDC13) 6 3.87 (s, 3H, OCH3), 4.05 (s, 3H, OCH3), 6.9 (dd, J = 9, 3 Hz, lH, Hg), 7.2-7.4 (m, 2H, I-I4 and 
Hg), 7.5 (t, J = 8.1 Hz, lH, H8), 8.0 (d, J = 8 Hz, lH, H7), 8.47 (d, J = 3 Hz, lH, HI); 13C NMR (CDC13) 
6 55.6 (q), 56.0 (q), 112.6 (d), 115.6 (d), 116.6 (d), 117.5 (d), 118.1 (s), 122.5 (d), 123.1 (s), 123.6 (s), 
129.1 (d), 144.9 (s), 155.6 (s), 157.2 (s), 161.3 (s); exact mass calcd for Cl5Hl204 m/e 256.0736; found, 
m/e 256.0729. In one experiment, the intermediate phenol (2-hydroxy-lo-methoxy-6H-dibenzo[b,d)pyran-6- 
one) was isolated in 85% yield and characterized as follows: mp 2380C; IR (CH2C12) 3310, 1720 cm-l; 1~ 
NMR (DMSO-d6) 6 4.04 (s, 3H, OCH3), 6.9 (dd, J = 8.8, 2.9 Hz, lH, H3), 7.2 (d, J = 8.8 Hz, lH, Hq), 
7.5-7.8 (m, 2H, Hg and Hg), 7.89 (dd, J = 6.7, 2.3 Hz, lH, H7), 8.37 (d, J = 2.9 Hz, lH, Hl), 9.51 (s, lH, 
OH); l3C NMR (DMSO-d6) 6 56.3 (q), 113.6 (d), 117.1 (d), 117.3 (d), 117.5 (d), 117.7 (d), 121.7 (d), 
122.3 (s), 122.8 (s), 129.6 (d), 143.3 (s), 153.5 (s), 175.0 (s), 160.3 (s); exact mass calcd for Cl4Hl004 m/e 
242.0579, found m/e 242.0576. Anal. calcd. for Cl4HlO04: C, 69.40; H. 4.16. Found: C, 69.16; H, 4.18. 

3,10-Dimethoxy-8-methyl-6H-dibenzo[b,~pyran-6-one (12b). This compound was obtained from 
llb (1.95 mmol) in 79% yield using condition A described above. The crude product was purified by 
recrystallization from acetone-methanol-water: mp 173.5-174.5°C; IR (CHCl3) 1720 cm-l; 1H NMR (C6D6) 
6 3.16 (s, 3H, OCH3), 3.17 (s, 3H, 0CH3) 6.4 (m, lH, Hg), 6.6 (d, J = 2.5 Hz, lH, I-W, 6.8 (dd, J = 7.5, 
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2.5 Hz, lH, H2), 8.05 (m, 1H. H7), 8.7 (d, J = 7.5, 1H. Hl); 13C NMR (CDC13) 6 21.5 (q), 55.5 (q), 55.8 
(q), 101.3 (d), 111.0 (s) 111.4 (d), 117.8 (d), 121.4 (s). 121.9 (s). 122.4 (d), 129.1 (d), 138.3 (s), 151.8 (s), 
156.5 (s). 160.1 (s), 161.6 (s); exact mass calcd. for Cl6Hl404 m/e 270.0892, found m/e 270.0901. 

2,10-Dimetho@?-methy1-6H-dibenzo[b,~pyran-6-one (13b). This compound was obtained from 
llb (0.31 mmol) in 86% yield using condition C described above: mp 144-145oC, IR (CH2CQ) 1720 cm-l; 
lH NMR (CDCl3) 6 2.5 (s, 3H; CH3), 3.9 (s. 3H, OCH3), 4.1 (s, 3H, OCH3), 7.0 (dd, J = 10. 2 Hz, lH, 
H3). 7.15 (s, lH, H7), 7.3 (d, J = 10 Hz, lH, Hq). 7.95 (s, lH, H9), 8.5 (d, J = 2 Hz. lH, Hl); 13C NMR 
(CDCl3) 6 21.6 (9). 55.6 (q), 55.9 (q), 112.4 (d), 115.1 (d), 117.5 (d), 117.8 (d), 118.3 (d), 121.2 (s), 122.7 
(d), 122.8 (s), 139.8 (s), 144.7 (s), 155.7 (s), 157.2 (s), 161.5 (s); exact mass calcd for Cl6Hl404: m/e 
270.0892; found, m/e 270.0896. In one experiment, the intermediate phenol (2-hydroxy-lo-methoxy-8- 
methyl-6H-dibenzo[b,dJpyran-6-one) was isolated in 87% yield and characterized as follows: mp 240-2430C 
(dec); lH NMR (DMSO-d6) 6 2.42 (s, 3H, CH3), 4.00 (s, 3H. OCH3), 6.9 (dd J = 8.8, 2.8 Hz, lH, H3), 
7.1 (d, J = 8.8 Hz, lH, Hq), 7.36 (s, lH, H9), 7.66 (s, lH, H7), 8.3 (d, J = 2.8 Hz, lH, Hl), 9.54 (s, IH, 
OH); l3C NMR (DMSO-d6) 6 21.00 (9). 56.1 (q), 113.2 (d), 116.5 (d), 117.1 (d), 117.6 (s), 118.6 (d), 
120.3 (s), 121.6 (d), 122.0 (s), 139.8 (s), 143.0 (s), 153.6 (s), 156.9 (s), 160.3 (s); exact mass calcd for 
Cl5Hl204 m/e 156.0736, found m/e 256.0736. 

3,9-Dimethoxy-6H-dibenzo[b,dlpyran-6-one (EC). This compound was obtained from llc (0.62 
mmol) in 54% yield using condition A described above. The crude product was purified by recrystallization 
from acetone-methanol-ether: mp 188.5-191oC, IR (CHC13) 1720 cm-l; 1~ NMR (CDC13) 6 3.88 (s, 3H, 
OCH3), 3.97 (s, 3H, OCH3), 6.84 (d, J = 2.4.Hz, lH, Hq), 6.88 (dd, J = 6.2, 2.7 Hz, lH, Hz), 7.04 (dd, J 
= 7.4, 2.4 Hz. lH, H8), 7.35 (d, J = 2.4 Hz, lH, HlO), 7.8 (d, J = 9.8 Hz, lH, Hl), 8.3 (d, J = 9.6 Hz, lH, 
H7); 13C NMR (CDC13) 6 55.7 (q, two carbons), 101.6 (d), 104.4 (d), 111.1 (s), 112.3 (d), 113.2 (s), 115.2 
(d), 123.7 (d). 132.9 (d), 137.3 (s), 153.0 (s), 161.2 (s), 161.6 (s), 164.9 (s); exact mass calcd. for 
Cl5Hl204 m/e 256.0736, found m/e 256.0733. Anal. calcd. for Cl5Hl204: C, 70.31; H, 4.68. Found: C, 
70.38; H, 4.72. 

2,9-Dimethoxy-6R-dibenzo[b,dlpyran-Cone (13~). This compound was obtained from llc (0.83 
mmol) in 61% yield using condition C described above. The crude product was purified by recrystallization 
from acetone-methanol: mp 153-156oC; IR (CHC13) 1717 cm- l; lH NMR (CDC13) 6 3.9 (s, 3H, OCH3), 4.0 
(s, 3H, OCH3), 7.05 (dd, J = 9, 2.9 Hz, lH, H2). 7.1 (dd, J = 9, 2.4 Hz, lH, Hg), 7.26 (d, J = 9 Hz, lH, 
Hl), 7.4 (m, 2H, H4 and HlO), 8.35 (d, J = 9 Hz, lH, H7); 13C NMR (CDCl3) 6 55.7 (q), 55.9 (q). 105.3 
(d), 106.5 (d), 114.4 (s), 116.0 (d), 117.1 (d), 118.5 (s), 118.7 (d), 133.0 (d), 136.7 (s), 146.0 (s), 156.2 
(s), 161.1 (s), 164.8 (s); exact mass calcd. for Cl5Hl2O4 m/e 256.0736, found m/e 256.0738. 

l0-Chloro-3-methoxy-6H-dibenzo[b,~pyran-6-one (12d). This compound was obtained from lld 
(0.41 mmol) in 60% yield using condition A described above. The crude product was purified by 
recrystallization from methanol: mp 179-179.5 oC; IR (CHC13) 1729 cm-l; 1~ NMR (CDC13) 6 3.0 (s, 3H, 
OCH3), 6.9 (m, 2H, H2 and H4), 7.4 (t, J = 8 Hz, lH, H8), 7.8 (dd, J = 8, 1.5 Hz, 1H , Hg), 8.4 (dd, J = 8, 
1.5 Hz, 1H , H7), 9.2 (d, J = 8.7 Hz, 1H. Hl), ; 13C NMR (CDCl3) 6 55.7 (q), 101.9 (d), 110.4 (s), 111.5 
(d), 123.0 (s), 127.7 (d), 123.3 (d), 130.0 (s), 130.1 (d), 132.1 (s), 138.4 (d), 152.8 (s), 160.6 (s), 161.5 (s); 
exact mass calcd. for Cl4H9C103 m/e 260.0240, found m/e 260.0263. Anal. calcd. for Cl4HgC103: C, 
64.46; H, 3.46. Found: C, 64.34; H, 3.51. Dibenzopyranone 12d was obtained from lld (0.41 mmol) in 
30% yield using condition C described above and acetone-water as the recrystallization solvent (mp 176 
177OC). 

9-Chloro-3-methoxy-6H-dibenzo[b,dlpyran-6-one (12e). This compound was obtained from lie 
(0.82 mmol) in 70% yield using condition A described above. The crude product was purified by 
recrystallization from methanol-water: mp 187.5-188oC IR (CCl4) 1736 cm-l; 1~ NMR (CDC13) 6 3.9 (s, 
3H, OCH3), 6.8 (d, J = 2.5 Hz, lH, Hq). 6.9 (dd, J = 8, 2.5 Hz, lH, H2) 7.4 (dd, J = 8.5, 2 Hz, lH, H8), 
7.8 (d, J = 8 Hz, IH, Hl), 7.9 (d, J = 2 Hz, lH, HlO), 8.2 (d, J = 8.5 Hz, lH, H7); l3C NMR (CDC13) 6 
55.7 (q), 101.7 (d), 110.1 (s), 112.7 (d), 118.3 (s), 121.1 (d), 123.9 (d), 128.1 (d), 132.2 (d), 136.7 (s), 
141.8 (s), 153.0 (s). 160.7 (s). 162.1 Is): exact mass calcd. for C14H9ClO? m/e 260.0240. found m/e 
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260.0260. Anal. calcd. for Cl4H9C103: C, 64.46; H, 3.46. Found: C, 63.80; H, 3.40. Rearrangement of 
lle (0.41 mmol) using conditions C described above gave a 55% yield of a 1:l mixture of 12e and 13e. 
Attempts to separate 12e and 13e failed, but diagnostic peaks for 13e were detected in the 1~ NMR (CDCl3) 
spectrum of the mixture: 6 3.8 (s, 3H. OCH3), 7.1 (dd, J = 9.0, 2.9 Hz, IH, H2). 7.3 (d, J = 9.0 HZ, IH, 

H4), 7.4 (d, J = 2.9 Hz, lH, Hl), 7.55 (dd, J = 8.5, 1.2 Hz, lH, H8), 8.02 (d, J = 1.2 Hz, lH, H7), 8.33 (d, 
J = 8.5 Hz, lH, HlO). 
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